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I N T R O D U C T I O N  

For the first time in its eight year history, NASA's spending in the 

fiscal year which begins July 1, will decline. The total appropriation being 

asked for the agency is $5,012 billion - -  down nearly $163 million from the 

previous year. 

While the new budget should still permit an expedition to the moon be- 

fore the end of 1969, there is little funding cushion for unexpected problems. 

What the new budget means is that some of the long-range planning for manned 

space exploration after the first lunar landing will have to be pared. 

In his Budget Message, President Johnson said the current decrease in 

appropriations for the space agency was possible because the nation's large 

space project were progressing from the expensive developmental phase into 

operational status and that no new projects of equivalent cost would be star- 

ted. 

At a budget briefing, however, a space agency official called the budget 

"stringent" and said NASA cuts reflected the war in Vietnam and the nation's 

commitment to health and antipoverty programs at home. NASA originially had 

asked for $5.58 billion in new obligational authority but that was cut to 

$4.8 billion by the Budget Bureau. The present $5.012 billion is a compromise. 

Apollo and Apollo Applications will receive $200 million less than NASA 

requested. Space sciences programs took a whopping cut of $ 1 2 2  million; 

NASA's basic research programs were cut about $10 million. 
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Spending for the two-man Gemini project drops sharply, as flights are 

to be completed this year. Expenditures for the massive Apollo lunar landing 

prpgram, rising sharply in recent years, will level off. 

NASA has stretched out the Apollo Applications program to enable Apollo 

to remain in orbit about the earth for a month or more, or to carry added 

supplies to the noon for extended exploration. 'This has slowed development 

of a costly new unmanned spacecraft known as Voyager, designed to land life- 

detection devices on Mars. Voyager was to have been ready by 1971, now, it 

is not scheduled to fly until 1973 at the earliest. NASA also cut off de- 

velopment work on an advanced liquid fueled engine, known as the M-l, which 

had already been slowed this year as an economy measure. The Advanced Orbi- 

ting Solar Observatory Program was cancelled. 

The industrial community, under contracts with the NASA, will continue 

to carry forward the prime design, development and fabrication effort of 

the NASA program. Specific elements of the activity will continue to be pur- 

sued within NASA installations, other government agencies, universities and 

research contractors which have the necessary level of expertise in special 

areas of engineering and science. The major elements of the program fall 

within the following categories: 

- MANNED SPACE FLIGHT: The attainment of a capability for manned space 

operations and exploration through the Gemini and Apollo development 

efforts, and studies of advanced missions which would exploit and ex- 

tend this capability to the best national interest. 
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SPACE SCIENCE: An unmanned space flight program directed toward the 

study of the earth, moon, sun, planets, stars and interplanetary 

space through the use of sounding rockets, earth orbiting spacecraft, 

lunar spacecraft and interplanetary probes. 

APPLICATIONS: A program directed toward adapting spacecraft, instru- 

mentation and data gathering technology to support beneficial space 

applications such as operational meteorological and communications 

systems. 

ADVANCED RESEARCH AND TECHNOLOGY: An effort required to provide the 

fundamental knowledge and the technological base for the future aero- 

nautics and space programs. 

Detailed reasons and justifications for expenditures of $4,246,600 for R&D; 

and summary reasons for expending $101,500,000 and $663,900,000 for Adminis- 

trative operAtinns are contained in the following pages of this analysis. 

NASA FY 1967 BUDGET ANALYSIS 
Summary of Appropriations 
(in thousands of dollars)- 

Appropriation 

P.L. 88-507 P.L. 89-128 
Fiscal Year Fiscal Year Fiscal Year 

1965 1966 1967 

Research and Development . . . . . .  $4,363,594 $4,531,000 $4,246,600 

Construction of Facilities . . . .  262,880 60,000 10 1,500 

Administrative Operations . . . . .  623,526 584,000 663,900 

TOTAL .................... $5,250,000 $5,175,000 $5,012,000 
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SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY LOCATION 

( i n  thousands  of d o l l a r s )  

Loca t ion  

A m e s  Research C e n t e r  . . . . . . . . . .  
E l e c t r o n i c s  Research C e n t e r  . . .  
Goddard Space F l i g h t  C e n t e r  . . .  
Jet  P r o p u l s i o n  Laboratory . . . . .  
John F. Kennedy Space Cen te r ,  

NASA . . . . . . . . . . . . . . . . . . . . . . . .  
Langley Research C e n t e r  . . . . . . .  
Lewis Research C e n t e r  . . . . . . . . .  
M a r s h a l l  Space F l i g h t  C e n t e r . .  
Manned S p a c e c r a f t  C e n t e r  . . . . . .  
Michoud Assembly F a c i l i t y  . . . . .  
M i s s i s s i p p i  T e s t  F a c i l i t y  . . . . .  
Wallops S t a t i o n  . . . . . . . . . . . . . . .  
Var ious  Loca t ions  . . . . . . . . . . . . .  

F a c i l i t y  P lann ing  and Des ign . .  

TOTAL PLAN . . . . . . . . . . . . . . . . . .  

FY - 1965 

$5,668 
10,000 

2,314 
3,582 

88,618 
3,640 

7 70 
23,907 
12,454 

6,450 
58,891 
33,114 

1 ,699  
10,000 

'$261,107 

FY - 1966 

$2,749 
5,000 
2,400 

7,782 
8,250 

867 
4,180 
2,309 

285 
1,910 

20,183 
1,048 
2,624 

$59,587 

FY-1967 

- - - -  
$10,000 

7 10 
350 

37,876 
6,100 

16,000 
13,800 

581 
700 

1,700 
6,478 

205 
7,000 

$101,500 
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ADMINISTRATIVE OPERATIONS 

SUMMARY OF OBLIGATIONS BY INSTALLATION 
( thousands  of  d o l l a r s )  

FY-1965 

MANNED SPACE FLIGHT 

John F .  Kennedy Space C e n t e r ,  NASA $52,416 
Manned S p a c e c r a f t  C e n t e r  . . . . . . . .  
Marsha l l  Space F l i g h t  C e n t e r  . . . .  

SPACE SCIENCE AND APPLICATIONS.. 

P a c i f i c  Launch Opera t ions  O f f i c e  
Goddard Space F l i g h t  C e n t e r . . .  . .  

Wallops S t a t i o n  . . . . . . . . . . . . . . . . .  

ADVANCED RESEARCH AND TECHNOLOGY 

A m e s  Research  Cen te r  . . . . . . . . . . . .  
E l e c t r o n i c s  Research C e n t e r  . . . . .  
F l i g h t  Research  Cen te r  . . . . . . . . . .  
Langley Research  C e n t e r  . . . . . . . . .  
Lewis Research  C e n t e r  . . . . . . . . . . .  
Space Nuclear  P r o p u l s i o n  O f f i c e .  

SUPPORTING ACTIVITIES 

NASA Headquar t e r s  . . . . . . . . . . . . . . .  
Western Opera t ions  O f f i c e  . . . . . . .  

TOTAL ......................... 

91,036 
137,787 

92,570 
844 

10,931 

31,807 
3,201 

10,523 
58,998 
68,546 

1 ,669  

51,516 
22,693 

$634,537 

FY-1966 

$79,723 
87,550 

128,260 

64,040 

9,446 
- - -  

32,923 
6,233 

63,006 
67,207 

1,824 

9,335 

56,286 
5,987 

$611,820 

FY-1967 

$98,108 
98,212 

131,934 

7 1 , 6 8 7  

10,166 
- - -  

33,475 
15,143 
9 ,641  

62,587 
66,284 

1,847 

58,667 
6,149 

$663,900 
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R&D NASA OFFICE OF MANNED FLIGHT 

GEMINI PROGRAM 

Gemini funding is tapering off in FY 1967 for a very good reason: most 

of its program objectives have been accomplished. The project was conceived 

to develop an operational capability in manned space flight, and through 

this, to conduct specific experiments and tests which support the Apollo 

moon venture, DOD programs and scientific investigations in space. As calen- 

dar year 1966 rolled around, only docking and post-docking maneuvers remained 

t o  be accomplished after seven previous flights had demonstrated long-dura- 

tion flights of 14 days, rendezvous, extravehicular activity (outside the 

capsule), and controlled reentry. 

Gemini effort in FY 1967 therefore will be devoted primarily to final 

hardware deliveries and operational activities of Gemini 8 through 11, which 

are scheduled to be launched in calendar year 1966. Gemini 12 is scheduled 

to be launched in the following calendar year. 

FUNDS REQUIRED: 
(thousands of dollars) 

1965 1966 1967 

Spacecraft .................... $165 , 300 $107 , 2 11 $19 , 100 
Launch Vehicles . . . . . . . . . . . . . . .  115 , 400 88 , 600 8 , 500 
Support ....................... 27,700 30,800 13,000 

TOTAL ....................... $308,400 $226,611 $40,600 

WHY FUNDS REQUIRED: 

The FY 1967 budget request supports delivery and checkout of the last 

two McDonnell Aircraft Corporation spacecraft, engineering support for 
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l a u n c h e s ' t o  be conducted i n  FY 1967, and p r e p a r a t i o n  and p u b l i c a t i o n  of 

f i n a l  f l i g h t  and program summary r e p o r t s .  

Launch V e h i c l e s  

Three s e p a r a t e  v e h i c l e s  a r e  r e q u i r e d  f o r  t h e  Gemini program: t h e  Gemini 

Launch V e h i c l e  (GLV), t h e  A t l a s  S tandard  Launch Vehic le  ( A t l a s  SLV-III) ,  and 

t h e  Gemini Agena T a r g e t  Vehic le  (GATV). The GLV, which p l a c e s  t h e  s p a c e c r a f t  

i n  o r b i t ,  i s  a T i t a n  I1 i n t e r c o n t i n e n t a l  b a l l i s t i c  m i s s i l e  modi f ied  f o r  

manned f l i g h t .  

The A t l a s  S L V - I 1 1  and t h e  GATV a r e  a l s o  m i l i t a r y  v e h i c l e s  adapted  t o  

m e e t  t h e  unique requi rements  of Gemini. 

The Space Systems D i v i s i o n  of t h e  A i r  Force Systems Command, a c t i n g  

s i m i l a r l y  t o  a NASA prime c o n t r a c t o r ,  i s  procur ing  t h e s e  v e h i c l e s .  The FY 1967 

e s t i m a t e  provides  f o r  t h e  i n c r e m e n t a l  funding r e q u i r e d  by t h e  A i r  Force  f o r  

d e l i v e r y  of t h e  l a s t  two GLV, t h e  l a s t  two SLV-111, and t h e  l a s t  GATV, p l u s  

o p e r a t i o n a l  suppor t  of t h e  v e h i c l e s  t o  be launched d u r i n g  t h e  f i s c a l  y e a r .  

Support  

Gemini suppor t  p rovides  f o r  crew o p e r a t i o n s ,  f l i g h t  o p e r a t i o n s ,  and 

s p a c e c r a f t  and launch v e h i c l e  suppor t  f o r  t h e  remaining Gemini manned m i s s i o n s  

C r e w  o p e r a t i o n s  i n v o l v e  t h r e e  t y p e s  of e f f o r t :  s i m u l a t i o n  equipment and 

s u p p o r t ,  a s t r o n a u t  t r a i n i n g ,  and s p e c i a l i z e d  i n - f l i g h t  d e v i c e s .  F l i g h t  opera-  

t i o n s  i n c l u d e  t h e  p lanning ,  s u p p o r t ,  and a c t u a l  f l i g h t  brom l i f t - o f f  t o  re- 

covery .  S p a c e c r a f t  and launch v e h i c l e  suppor t  i n c l u d e  funding  f o r  such i t e m s  
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as the life support systems, extravehicular activity equipment, and the ex- 

petfments to be performed on the various flights. 

APOLLO PROGRAM 

During FY 1967 the Apollo program will see intensive ground and flight 

qualification testing to achieve a national commitment set by President 

Kennedy in 1961. The goal is worth repeating: to achieve a broad national 

capability for manned space exploration to enable this country to reach and 

maintain a position of leadership in space activities. A specific objective 

in acquiring this ability is to land men on the moon and return them safely 

to earth within this decade. The Apollo program is not only designed to meet 

this specific objective, but also should create a broad base of operational 

ability in manned space flight and the associated skills and technology; a 

valuable complex of development, manufacturing, test and operational faci- 

lities; and an experienced government and industrial team. 

To do all this, the Apollo program requires the development of a highly 

reliable spacecraft, capable of supporting three men in space up to two weeks, 

docking in space, landing on and return from the moon, and safely re-entering 

the earth's atmosphere. Three large launch vehicles are in the program: Sa- 

turn I, which completed its flight series in July, 1965; the Saturn I B ;  and 

the Saturn V .  The Saturn I B  and V are being developed and qualified for manr 

ned space flight. 
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FUNDS REQUIRED: 

Spacecraft . . . . . . . . . . . . . . . . . . .  
Saturn ...................... 
Saturn IB .................... 
Saturn V. .................... 
Engine Development . . . . . . . . . . .  
Mission Support . . . . . . . . . . . . . .  

TOTAL ...................... 

(thousands of dollars) 
1965 1966 1967 

$1,009 , 898 $1,170,600 $1,200,600 

262 , 690 274,185 2 16 , 400 
-- 40,265 800 

964,924 1,177 , 320 1,191,000 
166,300 134,095 111,000 
170,542 210,385 255,200 

$2,614,619 $2,967,385 $2,974,200 

WHY FUNDS REQUIRED: 

Spacecraft: 

Development ground testing of boilerplate Apollo command and service mo- 

dules (CSM) will be completed by the end of FY 1966. Ground testing of Block 

I CSM is underway and major emphasis will be placed on ground and flight qua- 

lification during FY 1967 Five Block I flight-CSM are in various stages of 

assembly, systems installation, and checkout in preparation for shipment to 

the John F. Kennedy Space Center (KSC). These Block I CSM will be used for 

early unmanned and manned earth-orbital flights on the Saturn 1 B  and Saturn 

V. Block I1 CSM will have opgraded subsystems to provide the capability f o r  

lunar missions. During FY 1967, an intensive ground test program will qua- 

lify Block I1 CSM will be delivered to KSC for pre-flight checkout and 10 

more Block I1 CSM will be going through assembly, systems installation, and 

in-factory checkout. 

FY 1967 activity on the lunar excursion module (LEM) will include com- 

pletion of the major portion of ground development and qualification testing. 
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Test articles will undergo structural, thermal-vacuum, and propulsion testing 

at the Manned Spacecraft Center, the White Sands Test Facility, and the Ar- 

nold Engineering Development Center. Ground qualification testing of key LEM 

systems, including electric power, reaction control, communications, propul- 

sion, landing gear, and environmental control, will end. The first flight 

LEM will be completed, delivered to KSC, and tested on a Saturn IB in FY 1967. 

Ten additional flight LEMs will be in manufacture and checkout, and two of 

these LEMs will be delivered to KSC in preparation for flight. 

Saturn I and IB 

The Saturn I project completed its flight series in July 1965. No funds 

are requested in FY 1967. Saturn IB launches will begin with unmanned develop- 

ment flights early in calendar year 1966. In calendar year 1967 four launches 

are scheduled, including long-duration manned missions. During FY 1967, four 

vehicles will be delivered to the Kennedy Space Center. Fabrication, assembly 

and checkout of the last four Saturn IB vehicles will proceed during the fis- 

cal year. 

Saturn V 

During calendar year 1967 the first launch of a Saturn V vehicle will 

occur. FY 1967 development effort will be concentrated on the ground testing 

that will culminate in the first flight qualification test. Dynamic testing 

of the entire vehicle will continue at the Marshall Space Flight Center. 

- ‘19 - 



FY 1967 also represents the peak year, to date, for production and delivery 

of Saturn V vehicles. The first three flight vehicles will be delivered du- 

ring the fiscal year and an additional seven vehicles will be in fabrication, 

assembly, of checkout by the end of FY 1967. 

Engine Development 

H - 1  devebpment effort will consist, primarily, of the field and test 

support required to provide quick response analysis and problem solving 

associated with the flight evaluations of engine performance on Saturn IB 

vehicles. Qualification testing of the F - 1  engine and the up-rated 5 - 2  

engine will include the test and field activity required to support the 

flight programs of the Saturn IB and Saturn V. No RL-10 activity is sche- 

duled for FY-67. Space flight use of the RL-10 engine was limited to the 

Saturn I which has completed its flight program. 

Mission Support 

In FY 1967, support effort will continue for the over-all launch, 

flight, crew and recovery operations; program-wide systems engineering; 

supporting development required for the successful accomplishment of man- 

ned space flights; and for the maintenance of hardware production capa- 

bility for Apollo applications, project definition and payload develop- 

ment. 
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ADVANCED MISSIONS PROGRAM 

Three years ago NASA established this program to examine advanced man- 

ned space flight concepts, and if funding can be used as a criteria in 

judgment, there is decreasing emphasis in going much beyond Apollo. The 

program received $26 million in FY 1965, $10 million in FY 1966, and is 

down two million to $8 million requested in FY 1967. 

Studies, however, include analysis of present hardware systems for 

growth potential; development of requirements for future systems; guiding 

research and technological activities; providing technical information and 

cost data upon which future program decisions can be based; and starting the 

definition, preliminary design and specification of probable future missions. 

WHY FUNDS REQUIRED 

The FY 1967 requirements for manned earth orbital studies support pre- 

liminary systems definition of space station concepts, based on several 

examined during FY 1966. Systems under review include a long-term station 

not requiring resupply, using the present family of subsystems and launched 

with a Saturn V, and a future space station capable of supporting planetary 

flight. Preliminary systems definition will also be conducted on a ferry/ 

logistic system for use with these concepts. Particular attention will be 

given to the description and definition of experiment moduiles which can be 

used in conjunction with the various space station concepts and which can 
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be operated by the crew of the space station. In addition, efforts will 

continue on the selection and description of possible experiments for ad- 

vanced missions and the constraints of these experiments on the space sta- 

tion and the logistic system will be assessed. The ultimate growth capa- 

bility of such a space station into a planetary mission module will be 

considered, as well as the earth orbital requirements for a new and larger 

spacecraft with inherently greater experimental man-hour capabilities. 

The FY 1967 funding for manned lunar mission studies provides for the 

definition of an extended lunar exploration plan and related conceptual 

designs. The results of comparative evaluations of shelter and mobility 

concepts, as well as various modes of payload delivery to the moon will 

be combined with the recommendations of the scientific community to for- 

mulate a comprehensive lunar exploration plan. This work will provide the 

basis for decision concerning the start of program definition for an ad- 

vanced lunar exploration system. 

Manned planetary mission studies have established the feasibility of 

a number of mission modes and system concepts for Mars and Venus fly-bys, 

as well as Mars landing missions. The FY 1967 requirements cover more de- 

tailed analysis of systems feasibility, systems concepts, and technologi- 

cal requirements. Studies will focus on manned planetary spacecraft con- 

cepts that can be applied to the broadest range of missions and launch 

dates. Objectives, schedules, and costs, will be studied to identify the 
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most promising concepts for detailed engineering design. 

Launch vehicle studies to support earth orbital, lunar, and planetary 

manned missions will aslo be conducted during FY 1967. These studies will 

stress preparation for systems definition of improved Saturn vehicles, as 

well as reusable transport concepts. The related requirements for operatio- 

nal and support facilities will also be studied. 

R&D OFFICE OF SPACE SCIENCE AND APPLICATIONS 

PHYSICS AND ASTRONOMY PROGRAMS 

The objective of this program is to increase our knowledge of the space 

environment of the earth, the sun and its relationship to the earth and the 

interplanetary medium, and the fundamental physical nature of the universe. 

To achieve this objective, research programs have been undertaken to inten- 

sively study the upper atmosphere, the ionosphere, the earth's magnetosphere, 

*the region beyond the boundaries of the magnetosphere, solar radiation and 

the solar wind and their interactions with these regions, cosmic rays from 

beyond the solar system, radiation from stars and other celestial bodies 

in areas of the electromagnetic spectrum which cannot be observed from the 

earth's surface, and the geodetic figure of the earth. 

Khowledge gained in this program has demonstrated support for other 

national programs such as meteorology, communications, manned space flight, 

and cartography. However, the program is primarily intended to be a basic 
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research program dedicated to the expansion of human knowledge. As such it 

is integrated with the programs of educational and scientific research in- 

stitutions throughout the United States and in many foreign countries. Sub- 

stantial efforts are made to insure that the results of the research are 

made generally available on a basis that will make the knowledge most use- 

ful to facilitate future advancements in technology, scientific research, 

and education. 

FUNDS REQU LREQ: 

Supporting Research and Tech- 

Solar Observatories . . . . . . . . . . .  
Astronomical Observatories . . . .  
Geophysical Observatories . . . . .  
Explorers ..................... 
Sounding Rockets . . . . . . . . . . . . . .  
Data Analysis . . . . . . . . . . . . . . . . .  
TOTAL ....................... 

nology/Advanced Studies . . . . .  

(thousands of dollars) 
1965 1966 

$2 1,057 
16,597 
32,644 
30,352 
21,565 
16,867 - - -  

$139,082 

$23,800 
24,500 
24,600 
28,600 
21,400 
18,500 
2,100 

$143,500 

1967 

$22,900 
11,900 
29,200 
23,400 
23,000 
19,000 
2,000 

$131,400 

WHY FUNDS REQUIRED: 

Supporting Research and Technology 

This program seeks to provide a sound theoretical base for flight programs; 

starts development of instrumentation for future experiments; provides labo- 

ratory data to evaluate flight data; conducts ground-based balloon and air- 

craft observations for correlation with flight program results; and provides 

scientific experiments and scientific support for the manned space flight 

program. 
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Advanced. Studies 

Advanced studies establish concepts, characteristics, and the feasibi- 

lity of future unmanned earth-orbital and interplanetary missions. Stddies 

include small modular scientific satellites of the Explorer class, other 

specialized Explorers, galactic probes, and small interplanetary probes. 

Orbiting Solar Observatories (OSA) 

This program provides a thorough investigation of the sun and its 

changing activities. Satellites will systematically and uniformly study 

the rapid changes as well as the long term changes in solar radiation 

during a solar cycle and probe into the underlying causes of these chan- 

ges by analyzing regions of activity. The O S O ' s  operated during the pe- 

riod of minimum solar activity with the flights of OSO-I and II in 1962 

and 1965, respectively. Continuous program effort will be pursued with 

O S 0  into the period of maximum solar activity. 

Astronomical Observatories 

The Orbiting Astronomical Observatory (OAO) is designed to provide 

a precisely stabilized observatory above the atmosphere so that funda- 

mental information about the universe can be obtained. Astronomical ob- 

servations of electromagnetic radiation will be made in the ultraviolet 

and X-ray regions of the spectrum which do not penetrate the earth's 

atmosphere, and high resolution observations in the visible regions of 

the spectrum. The first OAO will be ready to fly early in 1966, and will 
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carry 3 variety of ultraviolet, X-ray and gamma ray telescopes. Spacecraft 

and experiment development for three additional OAO's is in progress. FY 

1966 funds will provide launch, operational and data analysis support for 

OAO-A, refurbishment of the prototype spacecraft for the OAO-A2 mission, 

development of spacecraft for OAO-B and C missions, and experiment develop- 

ment for OAO-B, A2 and C .  Fiscal year 1967 funds will support launching, 

orbital operations, and data analysis for the OAO-B mission, for a continu- 

ation of effort on OAO-A2 and C ,  and for the initiation of hardware develop- 

ment for the OAO-D spacecraft and experiments. 

Geophysical Observatories 

The objective of the Orbiting Geophysical Observatory'(OTr0) pro'gram is 

to develop a standard earth-orbiting observatory capable of carrying large 

numbers of experiments in a variety of orbits to simultaneously investigate 

the geophysical phenomena and interrelationships of solar activity, the 

interplanetary and galactic medium, the terrestrial magnetosphere, and the 

atmosphere. The first two spacecraft in this series, OGO-I and 11, have 

been launched. OGO-I has operated for over a year in an eccentric orbit 

and has obtained scientific data from almost all of its 20 experiments 

despite a failure to attain earth-orientation caused by improper boom de- 

ployment. OGO-I1 was launched into polar orbit Late in 1965 and is returning 

data although it is no longer stabilized due to early depletion of the gas 

supply. Two more missions are planned for launching into eccentric orbits 
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and two,more missions are planned for launching into polar orbit, 

Fiscal year 1966 funds provided for the launch of OGO-I1 ( C ) ,  for ana- 

lysis of data from OGO-I and 11, for the completion and launch of OGO-B, 

for continuation of development of OGO-D and E spacecraft and experiments, 

and to start experimentaldevelopment for OGO-F. Fiscal year 1967 funds 

will provide the completion and launch of OGO-D, the completion of OGO-E, 

and refurbishment of the prototype spacecraft for the OGO-F mission. 

Funds will also support data analysis for the first four OGO missions, and 

experiment development for OGO-E and F. 

Explorers 

These spacecraft, most of which are launched by Scout and Delta vehicles, 

are specifically designed for particular scientific investigations, and are 

flown in orbits particularly suitable for these investigations. 

These spacecraft are developed by NASA installations, industry, universi- 

ties, and cooperating foreign countries. Many smaller organizations have 

been able to gain competence and experience by perticipating in the develop- 

ment of these small Explorer spacecraft. 

In FY 1966, increased emphasis was given to Astronomy Explorers with 

major funding of the Radio Astronomy Fxplorers and start of the X-ray Astro- 

nomy Explorer. A Scout launch vehicle was also provided for a Solar Explorer 

developed by the Naval Research Laboratory. Development of Geophysical and 
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Interplanetary Explorers is being continued at a reduced level of effort, 

and the Geodetic Satellite program is being continued at a level effort, 

The FY 1967 program will see reduction of the level of effort for Geo- 

physical and Enterplanetary Explorers, providing only for continuation 

of launches of Interplanetary and Energetic Particles Explorers and the 

international cooperative program in the 1968-1969 time period. The pro- 

gram for Astronomy Explorers will provide observations into the 1968-1969  

time period with emphasis on X-ray and radio observations of the sun. Geo- 

detic investigations will be continued using the satellites in the cur- 

rently approved program. 

Sounding Rockets 

Sounding rockets have proven to be the only effective way of making 

scientifically valuable studies of the upper atmosphere at altitudes above 

20 miles and below perigee altitudes of earth satellites. These rockets 

are relatively small and inexpensive vehicles capable of carrying wide va- 

rieties of instrumentation for the study of the atmosphere, ionosphere, 

energetic particles, and studies in astronomy and solar physics. Soundirig 

rocket flights have been extremely useful for developing instrumentation 

for later use on satellites. The usefulness of sounding rockets for astro- 

nomical observations, particularly observations of the sun and stars in the 

X-ray and ultraviolet regions of the spectrum, has been greatly enhanced 

by the development of attitude control systems. 
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llhe,smal1 cost increase in the sounding rocket program in FY 1966  and 

FY 1967 is largely due to the development and increased use of improved at- 

titude control systems; and to an increased use of the larger, more expen- 

sive vehicles to carry stabilized payloads, as well as heavier payloads, 

with several instruments for a number of simultaneous measurements. 

Data Analysis 

This project enables NASA to meet its obligation to make the scientific 

information gained from space explorations available to the world scientific 

community. Data accumulated from NASA’s orbiting ovservatories, Explorers, 

sounding rockets, and space probes is being reduced and placed in storage at 

the National Space Science Data Center located at the Goddard Space Flight 

Center. Here it is catalogued and distributed to interested researchers. 

Fiscal year 1966  and FY 1967 funds provide for the operation of the Data 

Center and for the support of research tests using the data stored there. 

LUNAR AND PUNETARY PROGRAM 

Through these program efforts NASA is aiming for the scientific explo- 

ration of our solar system using manned and unmanned spacecraft and earth- 

based research. While the exploration of the moon, Venus and Mars and the 

intefplanetary space between are immediate objectives, eventually the outer 

planets and their moons, comets, asteroids and far out interplanetary space 

will be explored. From such investigations it is hoped that the world will 
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be better able to understand the origin, history and mechanisms of develop- 

ment of our solar system and that life may be found elsewhere. 

There are three lunar flight programs. The first of these, the Ranger 

program, has been completed and provided a much better understanding of 

the nature of the surface of the moon from high resolution photographs. The 

Surveyor program will soft land on the moon a series of unmanned spacecraft 

to make observations. The Surveyor will determine the suitability of its 

landed site for later manned missions. The Lunar Orbiter program will com- 

plement the information obtained by Ranger and work with Surveyor in con- 

ducting scientific investigations and locating and certifying suitable 

landing sites for Apollo. Lunar Orbiter will photograph all regions of the 

moon and will be a useful tool in continuing lunar exploration. Scientific 

instruments and techniques are being developed for lunar investigations 

capitalizing on man's capabilities and the payload return capabilities of 

the Apollo program. 

The Planetary and Interplanetary program has yielded a wealth of scien- 

tific information on the planets and interplanetary environment from the 

Mariner I1 encouter with Venus, the Mariner IV flyby of Mars and the Pioneer 

VI launch into solar orbit. Additional Mariner and Pioneer launches are 

planned during FY 1966-1969 to measure inteplanetary phenomena and continue 

exploration of the inner planets. Mariner launches to Venus in 1967  and 

Mars in 1969  will use the MarinerIV design, and pave the way for the detailed 
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e x p l o r a t i o n  of t h e s e  p l a n e t s  by t h e  Voyager program now planned t o  be 

a v a i l a b l e  f o r  t h e  1973 Mars and subsequent o p p o r t u n i t i e s .  

FUNDS REQUIRED: 

(Thousands of D o l l a r s )  
1965 1966 1967 

Suppor t ing  r e s e a r c h  and 
technology/Advanced s t u d i e s  ... $24,140 $38,600 $40 , 100 

Ranger .......................... 11,037 1,000 
Surveyor ........................ 81,814 111,637 90,400 
Lunar o r b i t e r  . . . . . . . . . . . . . . . . . . .  49,500 52,400 24,600 
Mariner ......................... 17,368 18,000 26,100 
Voyager . . . . . . . . . . . . . . . . . . . . . . . . .  7,168 17,000 10,000 
P ionee r  ......................... 15,000 12,700 6 ,700  

T o t a l  ....................... $206,027 $251,337 $197 , 900 

--- 

WHY FUNDS REQUIRED: 

Suppor t ing  Research and Technology/Advanced S t u d i e s  

T h i s  p rov ides  suppor t  t o  f l i g h t  mi s s ions  a s  w e l l  a s  t h e  necessa ry  f e a s i -  

b i l i t y  s t u d i e s  and o t h e r  advanced work r e q u i r e d  t o  e s t a b l i s h  f u t u r e  mis s ions .  

The Lunar and P l a n e t a r y  Sc ience  program develops  new concep t s  and i d e a s  f o r  

s c i e n t i f i c  i n v e s t i g a t i o n  of t h e  moon and p l a n e t s  t o  t h e  s t a g e  where t h e y  can 

be proposed as f l i g h t  exper iments  f o r  f u t u r e  m i s s i o n s .  Ground based observa- 

t i o n s  provide  s c i e n t i f i c  d a t a  f o r  t h e  des ign  and c a l i b r a t i o n  of and comparison 

w i t h  f l i g h t  expe r imen t s .  Examples are  s p e c t r o s c o p i c  o b s e r v a t i o n s  of Mars and 

r a d i o  wave o b s e r v a t i o n s  of Venus. The Advanced Techn ica l  Development program 

develops  equipment which must s u r v i v e  bo th  a r i g o r o u s  s t e r i l i z a t i o n  and long 
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long exposure i n  a deep space environment .  

t o  e n s m e  s a f e  p l a n e t a r y  l and ings  of  Voyager type  s p a c e c r a f t  i s  r e c e i v i n g  

p a r t i c u l a r  emphasis.  P lanning  f o r  t h e  f u t u r e  i n  Lunar and P l a n e t a r y  program 

w i l l  r e q u i r e  cont inued  s tudy  of advanced mis s ions .  Cur ren t  yea r  s t u d i e s  i n d i -  

c a t e  t h e  p o t e n t i a l  of t r a j e c t o r i e s  which swing-by one p l a n e t  en rou te  t o  a 

d i f f e r e n t ,  t a r g e t  p l a n e t ,  i n  terms of  t h e  r e d u c t i o n  of t r i p  t i m e  and energy 

r e q u i r e d  t o  t h e  t a r g e t  p l a n e t .  Miss ion  t r a j e c t o r i e s  t o  Mars,  Venus, and 

Mercury a s  w e l l  as J u p i t e r  and t h e  o u t e r  p l a n e t s  w e r e  i nc luded .  Spacec ra f t  

conceptua l  des ign  s t u d i e s  have been l a r g e l y  conf ined  t o  Mars and Venus m i s -  

s i o n s  du r ing  FY 1965 and FY 1966, bu t  a minimal e f f o r t  h a s  been maintained on 

f l i g h t s  t o  J u p i t e r  and t o  comets and a s t e r o i d s .  

gram p l a n s  s c i e n t i f i c  i n v e s t i g a t i o n s  and develops  equipment f o r  manned l u n a r  

m i s s i o n s .  Major s c i e n t i f i c  o b j e c t i v e s  of e a r l y  manned mis s ions  t o  t h e  moon 

a r e  t h e  o b s e r v a t i o n  of  n a t u r a l  phenomena, c o l l e c t i o n  of r e p r e s e n t a t i v e  samples 

and emplacement of moni tor ing  equipment.  The Lunar Mapping program suppor t s  

Development of landing  technology 

The Manned Lunar Science pro-  

bo th  t h e  manned and unmanned f l i g h t  programs. 

Surveyor 

The Surveyor system w i l l  s o f t  l and  unmanned s p a c e c r a f t  on t h e  moon t o  

make measurements t o  improve our  unders tanding  of t h e  n a t u r e  of t h a t  body. 

A s u c c e s s f u l  landing  should y i e l d  impor tan t  i n fo rma t ion  on landing  technology 

and t h e  s u r f a c e  c h a r a c t e r i s t i c s  ( roughness ,  bea r ing  s t r e n g t h ,  d u s t  coverage)  

which a f f e c t  t h e  l and ing  and d a t a  on t h e  immediate a r e a  a s  a p o s s i b l e  s i te  f o r  
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l a te r  manned l and ings .  Because t h e  Surveyor des ign  concepts  a r e  b a s i c a l l y  

t h e  same a s  those  be ing  used on Apol lo ,  t h e  landing  of Surveyor on t h e  

moon should demonstrate  t h e  f e a s i b i l i t y  of  l a t e r  manned l a n d i n g s .  Surveyor 

h a s  many e lements  i n  common w i t h  t h e  Apollo Lunar Excursion Module, such 

a s  t h e  r a d a r  a l t i m e t e r ,  r a d a r  dopp le r  v e l o c i t y  s e n s o r s ,  c losed- loop  t e rmina l  

guidance system, v a r i a b l e - t h r u s t  r o c k e t  eng ines ,  l eg - type  landing  g e a r ,  

S-band communications and t r a c k i n g  t o  l u n a r  d i s t a n c e s .  Surveyor r e p r e s e n t s  

a c o n s i d e r a b l e  advance i n  s p a c e c r a f t  t echnology over  ear l ie r  systems.  Dur- 

i n g  1965, major problems were c o r r e c t e d  and t h e  f i r s t  descen t  t es t  conducted 

s u c c e s s f u l l y .  To o b t a i n  l u n a r  s u r f a c e  d a t a  a t  t h e  e a r l i e s t  p o s s i b l e  t i m e  

t o  suppor t  t h e  f i r s t  Apol lo  m i s s i o n s ,  t h e  e f f o r t  w a s  reduced on t h e  2500 

pound s p a c e c r a f t  i n  o r d e r  t o  c o n c e n t r a t e  on t h e  2200 pound s p a c e c r a f t ,  which 

w i l l  be  used on t h e  f i r s t  seven f l i g h t s .  Two luna r  mis s ions  a r e  planned f o r  

1966 and t h e  remaining e i g h t  f l i g h t s  of t h e  c u r r e n t  series a r e  planned t o  

be completed by t h e  end of 1968. F i s c a l  yea r  1967 funds  w i l l  p rovide  f o r  t h e  

launch and miss ion  o p e r a t i o n s  of s p a c e c r a f t  two through f o u r ,  assembly and 

tes t  of s p a c e c r a f t  f i v e  through seven and f i r s t  hardware procurement f o r  t h e  

f i n a l  t h r e e  s p a c e c r a f t  i n  t h e  c u r r e n t l y  planned t e n  f l i g h t  ser ies .  

Lunar O r b i t e r  

The Lunar O r b i t e r  i s  t h e  l o w - a l t i t u d e  l u n a r  reconnaissance  s a t e l l i t e  

member of  t h e  Surveyor-Orbi te r  team which w i l l  conduct unmanned s c i e n t i f i c  

i n v e s t i g a t i o n s  of t h e  moon p r i o r  t o  t h e  Apollo p e r i o d .  The O r i b t e r  w i l l  p ro-  
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v i d e  bo th  h igh  r e s o l u t i o n  photographs (comparable t o  Ranger p i c t u r e s  

immediately preceding  impact)  and broad a r e a  coverage of t h e  s u r f a c e .  

The combinat ion w i l l  y i e l d  s t e r e o  coverage and permit  topographic  mapping 

of t h e  moon, and c o r r e l a t e d  w i t h  d a t a  from landed Surveyors ,  w i l l  go f a r  

toward reducing  u n c e r t a i n t i e s  of subsequent  l una r  l and ings .  Ana lys i s  of 

o r b i t a l  d a t a  from Lunar O r b i t e r  miss ions  should d i s c l o s e  much about  t h e  

n a t u r e  of  t h e  moon's shape ,  i t s  mass d i s t r i b u t i o n  and i n t e r n a l  s t r u c t u r e .  

Development and t e s t i n g  of t h e  Lunar O r b i t e r  p ro to types  w i l l  be  completed 

and f i r s t  f l i g h t  s p a c e c r a f t  w i l l  be launched du r ing  t h e  c u r r e n t  y e a r .  F i s -  

c a l  yea r  1967 funds  w i l l  cover  t h r e e  more launches  and pos t - launch  opera- 

t i o n s  and p repa re  f o r  t h e  f i n a l  miss ion  of t h i s  f i v e  f l i g h t  program. 

Mariner  

The o b j e c t i v e s  of t h e  Mariner  program a r e  t o  conduct f l i g h t  miss ions  

i n  t h e  v i c i n i t y  of  Mars and Venus t o  o b t a i n  in fo rma t ion  about  t h e i r  s u r f a c e s  

and atmospheres ,  and t o  measure magnetic f i e l d s ,  e n e r g e t i c  p a r t i c l e  and micro- 

meteoroid f l u x  i n  i n t e r p l a n e t a r y  space and c l o s e  t o  t h e  p l a n e t s .  The Mariner  

I1 f l y b y  of Venus on December 14, 1962, and Mariner  I V ' s  encounter  w i t h  Mars 

on J u l y  14 ,  1965, produced t h e  f i r s t  d i r e c t  measurements of o t h e r  p l a n e t s  from 

space .  With t h e  d e l a y  i n  s t a r t i n g  Voyager f l i g h t s ,  a d d i t i o n a l  Mariner  f l i g h t s  

have been in t roduced .  The s p a r e  s p a c e c r a f t  from t h e  Mariner I V  program w i l l  

be  r e f i t t e d  t o  be  launched by Atlas-Agena f o r  a f l y b y  of t h e  p l a n e t  Venus i n  

1967. Development of a s p a c e c r a f t  based on t h e  Mariner  I V  des ign  i s  a l s o  
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underway f o r  two f l i g h t s  t o  Mars i n  1969 t o  be launched on At las -Centaur .  

F i s c a l  ykar  1967 funding w i l l  suppor t  cont inued  development of t h e  Venus 

1967 and Mars 1969 mis s ions  as  w e l l  a s  a n  a t t empt  t o  r e e s t a b l i s h  t e l e m e t r y  

communications w i t h  t h e  Mariner  I V  s p a c e c r a f t  when it r e t u r n s  t o  t h e  v i c i n i t y  

of t h e  e a r t h  i n  early 1967.  

Voyager 

Voyager i s  developing  t h e  c a p a b i l i t y  for d e t a i l e d  s tudy  of t h e  near  

p l a n e t s .  

t i o n  on a tmospher ic ,  s u r f a c e ,  and body c h a r a c t e r i s t i c s ,  w i t h  s p e c i a l  emphasis 

The pr imary g o a l  of t h e s e  mis s ions  i s  t o  o b t a i n  d e t a i l e d  informa- 

on t h e  p o s s i b l e  e x i s t e n c e  and n a t u r e  of l i f e  on t h e  p l a n e t s .  Voyager f l i g h t s  

should  a l s o  f u r t h e r  ou r  knowledge of t h e  i n t e r p l a n e t a r y  medium between e a r t h  

and t h e  p l a n e t s  by conduct ing  s c i e n t i f i c  and eng inee r ing  measurements wh i l e  

i n  t r a n s i t .  Although t h e  system i s  be ing  developed t o  exp lo re  t h e  p l a n e t  Mars, 

i t  should provide  a b a s i c  c a p a b i l i t y  which can  be g e n e r a l l y  a p p l i e d  t o  t h e  ex- 

p l o r a t i o n  of t h e  nea r  p l a n e t s  by automated s p a c e c r a f t .  

To m e e t  t h e s e  o b j e c t i v e s ,  t h e  s p a c e c r a f t  must be capab le  of o r b i t i n g  t h e  

p l a n e t  and l and ing  a s c i e n t i f i c  payload on t h e  s u r f a c e .  P r e s e n t l y  t h i s  space- 

c r a f t  i s  conceived t o  c o n s i s t  o f  t h r e e  modules; a b u s - o r b i t e r  module, a r e t r o -  

p ropu l s ion  module, and a n  e n t r y  capsu le  module. D e f i n i t i o n  s t u d i e s  have i n d i -  

c a t e d  t h e  d e s i r a b i l i t y  of launching  two of t h e  Voyager s p a c e c r a f t  on a s i n g l e  

S a t u r n  V launch v e h i c l e  t o  t a k e  advantage o f  t h i s  v e h i c l e ' s  weight  l i f t i n g  

c a p a c i t y  and planned r e l i a b i l i t y .  C u r r e n t l y  e f fo r t s  are underway t o  f u r t h e r  
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d e f i n e  t h e  mis s ion ,  t h e  s p a c e c r a f t  system and t h e  capsu le  system des ign .  

The Voyager e f f o r t  w i l l  be  cont inued  a t  t h e  system d e f i n i t i o n  level  through 

FY 1967, r e s u l t i n g  i n  p o s s i b l e  f i r s t  f l i g h t s  f o r  t h e  1973 Mars oppor tun i ty .  

The funding r eques t ed  f o r  FY 1967 w i l l  be  used t o  con t inue  t h e  o v e r a l l  

mi s s ion  s t u d i e s ,  t h e  capsu le  d e s i g n  s t u d i e s ,  and suppor t ing  a c t i v i t i e s  lead-  

i n g  t o  d e t a i l e d  system des ign  and breadboard t e s t i n g  planned t o  be i n i t i a t e d  

i n  FY 1968. 

P ionee r  

P ionee r  w i l l  i n v e s t i g a t e  t h e  i n t e r p l a n e t a r y  environment and t h e  propa- 

g a t i o n  of s o l a r  and g a l a c t i c  phenomena through t h i s  medium, by launching 

s p a c e c r a f t  du r ing  a pe r iod  of  i n c r e a s i n g  s o l a r  a c t i v i t y  over  t h e  next  several 

y e a r s .  P ionee r  da ta  w i l l  be  c o r r e l a t e d  w i t h  similar measurements made nea r  

e a r t h  t o  p rov ide  s imul taneous  o b s e r v a t i o n s  a t  wide ly  sepa ra t ed  p o i n t s  i n  space.  

P ionee r  V I  w a s  s u c c e s s f u l l y  launched i n  December 1965 i n t o  s o l a r  o r b i t .  Four  

a d d i t i o n a l  P ioneer  mis s ions  are scheduled t o  a l t e r n a t e  between mis s ions  ap- 

proaching  a s  c l o s e  a s  0.8 A . U .  and going ou t  a s  f a r  a s  1.2 A . U .  from t h e  sun 

(1 A . U .  i s  equa l  t o  t h e  mean e a r t h  t o  sun d i s t a n c e ,  92,900,000 m i l e s ) .  Be- 

cause  P ionee r  exper iments  l a r g e l y  measure charged p a r t i c l e  f l u x e s  and magnet ic  

f i e l d s ,  g r e a t  c a r e  h a s  been t aken  i n  t h e  d e s i g n  and c o n s t r u c t i o n  of t h e  P ionee r  

s p a c e c r a f t  t o  make i t  magne t i ca l ly  c l e a n .  The r e s i d u a l  s p a c e c r a f t  magnetic 

f i e l d  f o r  P ionee r  V I  w a s  less than  one hundred-thousandth of t h e  e a r t h ' s  f i e l d ,  

a n  o r d e r  of  magnitude b e t t e r  t han  any p rev ious  s p a c e c r a f t .  Funding r eques t ed  
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I 

Research F a c i l i t i e s  

The NASA Research F a c i l i t i e s  program i s  d i r e c t e d  a t  provid ing  campus 

f a c i l i t i e s  a t  t hose  u n i v e r s i t i e s  a l r e a d y  h e a v i l y  committed t o  t h e  space 

program. 

w i l l  p rovide  approximately one and one h a l f  m i l l i o n  (1,500,000) square  f e e t  

of l a b o r a t o r y  space a t  a c o s t  of $47 m i l l i o n .  

l o c a t e d  throughout  t h e  coun t ry ,  and w i l l  v a r y  from h igh ly  s p e c i a l i z e d  

t e c h n i c a l  f a c i l i t i e s  t o  g e n e r a l  purpose l a b o r a t o r i e s  depending upon t h e  

i n d i v i d u a l  u n i v e r s i t y ' s  need and p o t e n t i a l .  

F a c i l i t i e s  a c q u i s i t i o n  funded under t h i s  program through FY 1966 

These f a c i l i t i e s  w i l l  be  

FY 1967 funds w i l l  p rovide  f o r  c o n s t r u c t i o n  of  a n  a d d i t i o n a l  two 

hundred thousand (200,000) square  f e e t  of l a b o r a t o r y  space a t  a c o s t  o f  

$7 m i l l i o n .  

Research 

F o r  t h e  cont inued  growth of s p e c i a l  purpose r e s e a r c h  programs i n  FY 

1967, approximately 71  p r o j e c t s  w i l l  be  supported a t  a c o s t  of $12 m i l l i o n .  

S i x t y  f i v e  of t h e s e  g r a n t s  w i l l  be f o r  t h e  c o n t i n u a t i o n  of p r o j e c t s  sup- 

po r t ed  i n  FY 1965, and t h e  remainder w i l l  be t o  u n i v e r s i t i e s  p a r t i c i p a t i n g  

i n  t h i s  program f o r  t h e  f i r s t  t i m e .  

R&D OFFICE OF SPACE SCIENCE AND APPLICATIONS 

LAUNCH VEHICLE DEVELOPMENT PROGRAM 

Goal of t h e  Launch Vehic le  Development program i s  t o  a s s u r e  a t ime ly ,  
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economical availability of launch vehicles to meet unmanned mission re- 

quirements. 

ance. As mission requirements exceed present vehicle capability, there must 

be systems improvements, configuration changes, improved operating tech- 

niques, new stages, new launch vehicles or combinations thereof. Scout 

and Delta development programs were completed in FY 1963. 

development program is expected to be completed in FY 1967. 

FUNDS W Q U I W D :  

Mission requirements show a need for improved vehicle perform- 

The Centaur 

(Thousands of Dollars) 
1965 1966 1967 

Supporting research and 

Centaur development 89,400 
technology/advanced studies ...... $7,100 $4 , 000 $ 4,000 

51,300 29,700 ................ 
Total ........................ $96,500 $55,300 $33,700 

WHY FUNDS REQUIRED: 

Supporting Research and Technology/Advanced Studies 

The purpose of Advanced Studies is to define future vehicle requirements 

and to establish the methods by which needed performance increases can best 

be developed. The Supporting Research and Technology efforts are directed 

toward developing the new technology and techniques shown to be needed by the 

Advanced Studies. 

The FY 1966 and FY 1967 studies and technology efforts have been focus- 

ing on high-energy mission requirements for a small energetic (kick) stage 

as an addition to existing launch vehicles. Other efforts on solid propellant 
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performance p r e d i c t i o n ,  o p e r a t i o n a l  hazards  and o v e r a l l  v e h i c l e  perform- 

ance requirements  w i l l  be continued i n  FY 1967. 

Centaur Development 

The Atlas/Centaur  i s  under development as a high-energy upper s t a g e ,  

burning l i q u i d  hydrogen and l i q u i d  oxygen t h a t  w i l l  provide t h e  r equ i r ed  

c a p a b i l i t y  f o r  NASA's unmanned luna r  miss ions .  The Centaur program has  

provided technology f o r  t h e  handl ing ,  s t o r a g e ,  and use of l i q u i d  hydrogen 

i n  t h e  space environment. Another f e a t u r e  of t h e  Centaur v e h i c l e  i s  i t s  

u t i l i z a t i o n  of an a l l - i n e r t i a l  guidance system through t h e  complete m i s -  

s i o n  p r o f i l e .  

Funding f o r  FY 1967 i s  f o r  completion of t h e  developmental e f f o r t  on 

t h e  Centaur v e h i c l e  and improvement e f f o r t  on t h e  RL-10-A3 engines ,  formerly 

funded by t h e  Of f i ce  of Manned Space F l i g h t .  

R&D OFFICE OF SPACE SCIENCE AND APPLICATIONS 

LAUNCH VEHICLE PROCUREMENT PROGRAM 

T h i s  means what i t  says: buying launch v e h i c l e s  f o r  t h e  unmanned NASA 

s p a c e c r a f t  program. The r o c k e t s  a r e  Scout ,  Del ta ,  Thor-Agena, Atlas-Agena 

and Centaur .  

FUNDS REQUIRED: 

(Thousands of Do l l a r s )  
1965 1966 1967 

scou t  ........................... $13,287 $11,700 $10,400 
Delta ............................ 32,374 27,900 22,900 
Agena ........................... 55,040 71 , 100 54,700 

......................... Centaur 44,814 64 , 000 64,000 --- A t l a s  ........................... 8,972 4,000 
T o t a l  .............. $154,487 $178,700 9 152 ,000 
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WHY FUNDS REQUIRED: 

Scout Procurement 

, Purpose of Scout i s  t o  provide a r e l i a b l e ,  r e l a t i v e l y  inexpensive 

v e h i c l e  f o r  gene ra l  space r e s e a r c h .  

fami ly  of  launch v e h i c l e s  and car r ies  small-s ized payloads f o r  o r b i t a l ,  

probe and r e -en t ry  miss ions .  The FY 1967 funds f o r  Scout procurement w i l l  

be  used f o r  new buys of Scouts  and launch services. Funds w i l l  be app l i ed  

t o  cont inue  procurement of  f i r s t ,  second, t h i r d ,  and f o u r t h  s t a g e  motors 

t o  meet ca lendar  year  1967 launch requi rements .  Funding i s  a l s o  provided 

f o r  o t h e r  support  requi rements ,  such a s  adap ta t ion  of t h e  Scout v e h i c l e s  t o  

s a t i s f y  s p a c e c r a f t  and miss ion  requi rements .  

De l t a  Procurement 

It i s  t h e  smallest of t h e  b a s i c  NASA 

Delta i s  used f o r  a v a r i e t y  of medium-size s a t e l l i t e s  and small space 

Included i n  t h e  FY 1967 r eques t  are  funds t o  cont inue  procurement probes .  

of  Thor b o o s t e r s ,  Delta second s t a g e s  and t h i r d  s t a g e s  t o  m e e t  launch 

schedule  requirements  f o r  t h e  D e l t a  v e h i c l e .  F i s c a l  year  1967 funds w i l l  

a lso provide  f o r  launch service requirements  and o t h e r  support ing services. 

Agena Procurement 

I n  combination w i t h  Thor and A t l a s  b o o s t e r s ,  t h e  Agena second s t age  i s  

employed e x t e n s i v e l y  by NASA. The r e s t a r t a b l e  Agena s t a g e  provides  consider-  

a b l e  l a t i t u d e  i n  miss ion  c a p a b i l i t y  among t h e  v a r i o u s  e a r t h  o r b i t a l  and luna r  

o r  p l ane ta ry  miss ions .  Funds reques ted  f o r  FY 1967 w i l l  buy t h e  b a s i c  Agena 
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s t a g e s ,  A t l a s  and Thor b o o s t e r s ,  and t h e  adap ta t ion  of t h e  Agena s t a g e s  

f o r  miss ion  p e c u l i a r i t i e s .  The necessary Atlas ,  Thor and Agena launch 

suppor t ,  i . e , ,  launch s e r v i c e s ,  p r o p e l l a n t s ,  support ing s e r v i c e s ,  e t c . ,  

w i l l  a l s o  be provided. 

Centaur Procurement 

The Centaur v e h i c l e  i s  used on unmanned l u n a r ,  p l ane ta ry ,  s c i e n t i f i c ,  

and a p p l i c a t i o n s  missions which exceed t h e  c a p a b i l i t y  of t h e  Atlas-Agena 

v e h i c l e .  The p resen t  procurement of ope ra t iona l  Centaur v e h i c l e s  i s  pro- 

g r a m e d  t o  m e e t  t h e  requirements  of t h e  Surveyor unmanned lunar  su r face  

exp lo ra t ion  p r o j e c t .  There are  two ope ra t iona l  Centaur-Surveyor launches 

planned f o r  ca lendar  year  1966. 

Centaur procurement i n  support  of t h e  Surveyor program and t o  complete pro- 

curement of Atlas-Centaur  v e h i c l e s  f o r  t h e  f i r s t  seven Surveyor missions;  

provide launch services and o the r  support ing s e r v i c e s  f o r  ca lendar  year  

1967; and provide f o r  i n i t i a t i o n  of procurement of a d d i t i o n a l  At las  boos te r s ,  

RL-10-A3 engine sets,  and Centaur s t a g e s .  

At las  Procurement 

Funds reques ted  f o r  FY 1967 a r e  t o  cont inue 

T h i s  p r o j e c t  c o n s i s t s  of procurement of Atlas launch v e h i c l e s  f o r  un- 

manned miss ions .  Two v e h i c l e s  were bought f o r  t h e  Space Vehic les  Systems 

program, (Pro jec t  FIRE). 

improvement program. T h i s  e f f o r t  was s t a r t e d  l a t e  i n  FY 1965 t o  provide 

g r e a t e r  payload c a p a b i l i t i e s  f o r  a l l  miss ions  u t i l i z i n g  t h e  Atlas boos te r .  

Funds i n  FY 1966 and 1967 are  f o r  t h e  SLV-3XY At las  
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R&D OFFICE OF SPACE SCIENCE AND APPLICATIONS 

BIOSCIENCE PROGRAM 

T h i s  program has  two fundamental o b j e c t i v e s ;  t h e  search  f o r  ex t r a -  

terrestrial  l i f e  w i th  primary emphasis d i r e c t e d  t o  Mars and t h e  development 

of a b a s i c  understanding of t h e  e f f e c t s  of t h e  space environment on  terres- 

t r i a l  organisms by means of ground-based experiments and t h e  B i o s a t e l l i t e  

p r o j e c t .  

ducted.  

of  t h e  na tu re  and o r i g i n  of l i f e ,  inc luding  t h e  p o s s i b i l i t y  t h a t  l i f e  exis ts  

on Mars, provide f o r  t h e  t e s t i n g  of b i o l o g i c a l  hypotheses i n  the  a r e a s  of 

g e n e t i c s ,  developmental b io logy ,  environmental  physiology,  and genera l  meta- 

bol ism,  f u r n i s h  d a t a  p e r t a i n i n g  t o  b i o l o g i c a l  requirements  f o r  prolonged 

manned space f l i g h t ,  and r e s u l t  i n  t h e  development of va r ious  new procedures 

and devices  which may have medical and o t h e r  a p p l i c a t i o n s  t o  human be ings .  

FUNDS REQUIRED: 

A support ing program of b a s i c  and app l i ed  r e sea rch  i s  being con- 

Accomplishment of t h e s e  o b j e c t i v e s  should inc rease  our understanding 

(Thousands of Do l l a r s )  
1965 1966 1967 

Supporting r e sea rch  and 

B i o s a t e l l i t e  ..................... 
technology .................... 

T o t a l  ............... 

$12,501 $15,100 $14,700 
16,000 21,600 20,700 

$28,501 $36,700 $35,400 

WHY FUNDS REQUIRED: 

Supporting Research and Technology 

The search  f o r  e x t r a t e r r e s t r i a l  l i f e  i s  one of t h e  primary o b j e c t i v e s  of 
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t h e  Bioscience program. T h i s  e f f o r t  i n c l u d e s  ground-based s t u d i e s  t o  pro- 

v i d e  ari experiment system capable  of determining t h e  phys ica l  and chemical 

c h a r a c t e r i s t i c s  of Mars and search i n  v a r i o u s  ways f o r  t h e  e x i s t e n c e  of l i f e ,  

and a p l a n e t a r y  qua ran t ine  e f f o r t  intended t o  a s s u r e ,  w i th  a high degree o f  

p r o b a b i l i t y ,  t h a t  t e r r e s t r i a l  organisms w i l l  no t  contaminate Mars. 

The Exobiology e f f o r t  suppor t s  t h i s  o b j e c t i v e  i n  v a r i o u s  ways, f o r  

example, by analyzing f o s s i l  remains i n  a n c i e n t  t e r r e s t r i a l  rocks ,  i n  ques t  

of d a t a  p e r t a i n i n g  t o  t h e  h i s t o r y  of t e r r e s t r i a l  l i f e .  I n  a d d i t i o n ,  s t u d i e s  

on p r o t e i n s  and t h e i r  amino a c i d s ,  and t h e  f a c t  t h a t  18 amino a c i d s  a r e  con- 

s t i t u e n t s  o f  our contemporary b i o t a ,  and about h a l f  of t h e s e  remain s t a b l e  

f o r  m i l l i o n s  of y e a r s ,  suggest t h a t  g a s  chromatography, mass spectrometry,  

and t h e  a p p l i c a t i o n  of c l a s s i c a l  chemical techniques may be employed i n  t h e  

b i o l o g i c a l  e x p l o r a t i o n  of t h e  Moon and Mars. 

I n v e s t i g a t i o n s  i n  t h e  p l a n e t a r y  qua ran t ine  a r e a  i n d i c a t e  t h a t  h e a t  i s  

t h e  most f e a s i b l e  agent  f o r  use i n  s p a c e c r a f t  s t e r i l i z a t i o n .  It w i l l  be 

necessary t o  develop p a r t s  capable  of withstanding t h e  h e a t  r e q u i r e d ,  minimize 

t h e  number of b i o l o g i c a l  organisms on t h e  s p a c e c r a f t  when i t  undergoes s ter i l i -  

z a t i o n ,  and p r o t e c t  t h e  s ter i le  s p a c e c r a f t  from recontaminat ion during launch. 

Environmental ,  P h y s i c a l ,  and Behavioral  Biology support  b a s i c  and ap- 

p l i e d  r e s e a r c h ,  and some t echno log ica l  development i n  support  of t h e  Bioscience 

o b j e c t i v e s .  Environmental Biology i s  concerned w i t h  t h e  b i o l o g i c a l  e f f e c t s  of 

t h e  space environment on l i v i n g  organisms, i nc lud ing  man. It i s  i n v e s t i g a t i n g  
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the effects of weightlessness on the cardiovascular and nervous systems, 

and on general metabolism, and the environmental extremes which various 

organisms can endure and still survive. 

search in comparative physiology, bioinstrumentation, and molecular bio- 

logy. Nutritional studies have shown that men can live on chemically- 

defined liquid diets for at least six months without apparent ill effects. 

In biological telemetry and electron microscopy, the development of a 

multi-channel sensing implantable device, and superconducting lenses, 

should further research efforts in various biological areas. Behavioral 

Biology is studying the effects of zero gravity and other conditions of 

the space environment on the behavior of organisms, including brain-behavior 

relationships of importance to organisms in environmental adaptation. 

Physical Biology supports re- 

The Bioscience program for manned missions is assisting in the develop- 

ment of flight experiments for Gemini and Apollo earth-orbiting missions. 

Several experiments have already been flown yielding information on the ef- 

fects of radiation and weightlessness on white blood cells. An effort is 

also underway to define experiments, and mission and spacecraft requirements 

for future manned missions. 

Biosatellite 

The Biosatellite program will investigate the effects on biological sys- 

tems of such unique aspects of the space environment as weightlessness, the 

effects of combined weightlessness and radiation, and the removal of living 

systems from the direct influence of the Earth's periodicity. 
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The three-day flights will consist of general biology and radiation 

experiments intended to explore the effects of weightlessness, and weight- 

lessness combined with radiation, on animal cells and insects. The 30-day 

flights will investigate the effects of weightlessness on general metabolic 

behavior and performance of a primate, as well as its effects on the pri- 

mate's cardiovascular and nervous systems. The 21-day flights consist of 

general biology experiments, investigation of gross body composition and 

function and circadian rhythms in mammals. 

RbJ) OFFICE OF SPACE SCIENCE & APPLICATIONS 

MFTEOROLOGICAL SATELLITE PROGRAM 

Aims of this program are: (1) development of a satellite for, (a) 

global and local readout of cloud cover day and night, (b) global quanti- 

tative measurement of temperature, wind, moisture, and other meteorological 

factors as a function of height under continuous and variable time scales; 

(2) develop and implement for the Department of Commerce, Environment Science 

Services Administration (ESSA), the TIROS Operational Satellite (TOS) System; 

(3) develop a meteorological sounding system to explore and study the atmos- 

pheric region 20 to 60 miles above the earth; ( 4 )  develop new and improved 

techniques and equipment; and (5) explore the use of manned spacecraft for 

Meteorology. 

Objectives (1) and (2) are accomplished by the TIROS/TOS Improvements, 

Meteorological Flight Experiments, and Nimbus projects; objective (3) by 
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Meteorological Soundings project, and objectives ( 4 )  and ( 5 )  by Supporting 

Research and Technology and Advanced Studies. 

Ten TIROS spacecraft, including TIROS X funded by ESSA, have been 

successfully launched since April 1960 to test spacecraft systems and sen- 

sors and provide operational meteorological data for use by ESSA. One 

Nimbus spacecraft has been launched and three additional flights are planned 

to provide cloud cover and vertical atmospheric measurement data. Approxi- 

mately 50 large research rockets and 100 small developmental sounding rockets 

are launched per year to explore the region 20  to 60 miles above the earth 

and ob.tain meteorological data from this region. The investigation of scien- 

tific techniques; design and development of advanced hardware for meteorologi- 

cal application; study of data acquisition techniques; and feasibility studies 

on future spacecraft designs and capability including manned experiments are 

conducted in Supporting Research and Technology and Advanced Studies. 

FUNDS REQUIRED: 

(Thousands of Dollars) 
1965 1966 1967 

Supporting research and technology/ 

TIROS/TOS improvements .............. 4,100 3,700 2,600 
Meteorological flight experiments ... 1,200 3,900 5,500 

20,000 23,400 

Advanced studies . . . . . . . . . . . . . . . . .  $ 7,311 $ 8,300 $ 9,100 

Nimbus .............................. 16,000 
Meteorological soundings ............ 2,380 3,000 3,000 

Total ....................... $30,991 $38,900 $43,600 
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WHY FUNDS REQUIRED: 

Supporting Research and Technology/Advanced Studies 

NASA wants to: (1) develop and evaluate components for potential 

meteorological satellite system application; (2) design and develop satel- 

lite sensors for the detection and controlled acquisition of meteorologi- 

cal data directly from the atmosphere and from other sources; (3)  investi- 

gate scientific techniques and tools for the systematic observation, 

analysis and subsequent interpretation of meteorological atmospheric pheno- 

mena, and ( 4 )  better satellite performance and information retrieval tech- 

niques through advanced system analyses. Results are applicable both to 

research and development goals of NASA and to the operational systems of 

the Environmental Science Services Administration (ESSA). In FY 1967, funds 

are required to continue atmospheric research into newly-measurable pheno- 

mena and expanded observation techniques. Efforts continue in the design 

of improved control subsystems and data processing loops to achieve greater 

efficiency, capacity, and life in future meteorological satellites. Sensors 

and instrumentation systems for advanced cameras and infrared detectors will 

be developed. 

Advanced Studies will be conducted for the development of advanced un- 

manned systems. Advanced component: developments will be investigated to 

determine reliable design interfaces for long life and low power operations 

in future satellites. 
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Applications for manned space missions include the study and develop- 

ment of advanced meteorological sensors and other equipment from manned 

orbital spacecraft. Several investigations of this type have taken place 

on manned Gemini flights. Studies of experiments for Apollo manned orbi- 

tal missions were initiated in FY 1965 and FY 1966 to select experiments 

to take full advantage of manned space flight missions and capabilities. 

Fiscal Year 1967 funds will be used to continued this effort. 

TIROS/TOS Improvements 

The objectives of the TIROS/TOS Improvements project are to provide 

research and development toward advanced meteorological satellite systems 

and to provide continuing development support for the ESSA funded TIROS 

Operational System (TOS). During 1965, the ninth and tenth TIROS satellites 

were successfully launched. TIROS IX demonstrated the capability of a cart- 

wheel configured spacecraft to provide daylight cloud cover pictures on a 

global basis daily. This configuration is the basic design being used in 

the TOS system. TIROS X, the first ESSA funded spacecraft, was launched in 

July 1965 to ensure cloud picture coverage during the 1965 hurricane season. 

Efforts are being continued to develop flight hardware for improvements to 

the TOS system, to improve reliability and extend subsystem and component 

life and to meet operational data requirements. 

continue funding TOS Improvement subsystems aimed primarily at developing 

the automatic picture transmission (APT) with recorder for the TOS spacecraft, 

increasing the life and reliability of vidicons and advancing the technology 

for night sensors. 

FY 1967 funds are asked to 
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Meteorolopical Flight Experiments 

This conducts meteorological research and development on non-meteoro- 

logical satellites and space vehicles. The first experiments are for the 

advancement of technology leading to a capability for continuous viewing 

of the visible disc of the earth with its cloud and radiation data, and for 

nearly continuous detail viewing of shortlived meteorological phenomena such 

as thunderstorms, tornadoes and other individual cloud cells. Also, weather 

data dissemination experiments (WEFAX) will be conducted to demonstrate the 

meteorological usefulness of transmitting weather information via synchronous 

satellites to local users on a regional and world-wide basis. FY 1967 funds 

are asked to complete procurement of high and low resolution cameras for Ap- 

plications Technology Satellites, ATS-S; the Inage Dissector or equivalent 

spin scan camera, and Omega Position Location Experiment (OPLE) spacecraft 

hardware for ATS-C; to initiate the camera and WEFAX hardware development, 

operations and data evaluation of the ATS meteorological experiments data. 

Nimbus 

The objectives of Nimbus are: (1) to develop a spacecraft with adequate 

power supply and stabilization to test a number of meteorological sensors, 

(2) to develop a variety of meteorological sensors to obtain day and night 

cloud cover, and atmospheric data such as pressure, temperature, wind and 

water vapor at various altitudes over the globe, and (3) to test these sensors 

and associated data acquisition and handling techniques prior to recommending 

their use on the operational systems of ESSA. 
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The success fu l  launch of Nimbus I on August 28 ,  1964 proved t h e  b a s i c  

spacec ' raf t  con f igu ra t ion  and t h e  use fu lness  of t h e  meteoro logica l  sensors  

t e s t e d .  A f a i l u r e  i n  t h e  s o l a r  a r r a y  d r i v e  reduced power which caused te r -  

minat ion of u s e f u l  d a t a  a f t e r  approximately one month of ope ra t ion .  The 

next  spacec ra f t  (Nimbus C )  i s  scheduled f o r  launch i n  1966. A new exper i -  

ment, a Medium Resolu t ion  I n f r a r e d  Radiometer (MRIR) w i l l  be flown, i n  addi -  

t i o n  t o  improved v e r s i o n s  of t h e  senso r s  t e s t e d  on Nimbus I. The MRIR ex- 

periment should permit a f u l l  g loba l  s tudy of t h e  e a r t h ' s  hea t  ba lance ,  and 

r e p r e s e n t s ,  NASA says ,  one of t h e  most s i g n i f i c a n t  meteorological  experiments 

so f a r  undertaken.  

Nimbus C w i l l  provide t o  ESSA, i n  n e a r l y  real-time, High Resolut ion 

I n f r a r e d  Radiometer (HRIR) d a t a  f o r  o p e r a t i o n a l  purposes;  and s t a r t  exper i -  

mentat ion wi th  n ight t ime d i r e c t  l o c a l  readout  of HRIR da ta  through APT ground 

s t a t i o n s .  

t i o n a l  spacec ra f t  (Nimbus B and D )  scheduled f o r  launch i n  1967 and 1969 

r e s p e c t i v e l y .  S i g n i f i c a n t  spacec ra f t  and meteorological  sensor  advances are 

being developed f o r  t e s t i n g  on t h e s e  f l i g h t s  such as: (1) a 50-watt rad io-  

i so tope  the rmoe lec t r i c  genera tor  (RTG) which w i l l  demonstrate t h e  f e a s i b i l i t y  

of RTG long l i f e  power s u p p l i e s  f o r  meteoro logica l  s a t e l l i t e s ;  (2)  new exper i -  

ments f o r  determining t h e  temperature  p r o f i l e  and t h e  water vapor content  of 

t h e  atmosphere such a s  spectrometers  developed by NASA and ESSA; (3 )  a sensor  

t o  measure t h e  s o l a r  f l u x  i n  t h e  u l t r a v i o l e t  s p e c t r a l  r eg ion  t o  determine i t s  

The c u r r e n t  Nimbus program inc ludes  t h e  development of two addi-  
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i n f l u e n c e  on t h e  upper l a y e r s  of t h e  atmosphere; and ( 4 )  i n i t i a l  expe r i -  

mentation i n  c o l l e c t i n g ,  r eco rd ing ,  and r e l a y i n g  d a t a  from a number of 

Sensors placed on and above t h e  e a r t h ' s  s u r f a c e  t o  record atmospheric and 

meteorological  d a t a .  

FY 1967 funds a r e  asked f o r  ground ope ra t ions  and support  f o r  Nimbus 

C; and t o  complete t h e  development of t h e  more advanced Nimbus B expe r i -  

ments as  w e l l  a s  t o  cont inue t h e  development of t h e  s p a c e c r a f t ;  and t o  

start  t h e  development of t h e  Nimbus D s p a c e c r a f t  and i t s  advanced expe r i -  

ments .  

Meteorolopical  Soundings 

Three areas of e f f o r t  are i n  t h i s  p ro jec t :  (1) l a r g e  r e sea rch  r o c k e t s ;  

(2) small developmental sounding r o c k e t s ;  and (3)  f i e l d  experiment support .  

The o b j e c t i v e  of t h e  l a r g e  r e s e a r c h  r o c k e t s  i s  t o  develop and improve senso r s  

and techniques f o r  measuring t h e  c h a r a c t e r i s t i c s  of t h e  atmosphere i n  t h e  

r eg ion  40 t o  60 m i l e s  above t h e  e a r t h .  

mental  sounding r o c k e t s  i s  t o  develop a r e l i a b l e ,  inexpensive,  s e l f - s u f f i c i e n t  

system, inc lud ing  t h e  rocke t  v e h i c l e ,  s enso r s  and d a t a  a c q u i s i t i o n  which w i l l  

provide r o u t i n e  measurements of t h e  b a s i c  atmospheric parameters i n  t h e  r eg ion  

20 t o  40 m i l e s  above t h e  e a r t h .  F i e l d  experiment support  provides  f o r  con- 

duc t ing  sounding rocke t  experiments i n  cooperat ion w i t h  o t h e r  c o u n t r i e s ,  on a 

cos t - sha r ing  b a s i s .  FY 1967 funds a r e  asked t o  launch approximately 50 l a r g e  

r e s e a r c h  r o c k e t s  of t h e  Nike/Cajun c l a s s ,  100 small developmental sounding 

The o b j e c t i v e  of t h e  small develop- 
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rockets of the Arcas/Hasp class, for development and improvement of the 

soundihg rocket system, initiation of design and development efforts on 

an advanced system, and for the continuation, extension and development 

of field experiment support jointly with countries in South America, 

Europe, and Asia. 

R&D OFFICE OF SPACE SCIENCE AND APPLICATIONS 

COMMUNICATIONS AND APPLICATIONS 
TECHNOLOGY SATELLITES PROGRAM 

Previously'these had been separate programs but NASA has now combined 

them into one. Objectives are: 

establishment of future communication, navigation, and other applications 

satellite systems is developed; (2)  to study requirements and technically 

assess the applicability of satellites to the future needs of communication, 

navigation, and other promising applications systems; and (3)  to fulfill 

NASA's responsibilities under the Communications Satellite Act of 1962. 

(1) to assure that technology required for 

Serving as relay stations at altitudes that are within line-of-sight 

of distant points on the earth's surface, communications satellites offer 

microwave communication over long distances, not presently attained by high 

frequency radio. They have the potential of providing all types of tele- 

communication services on a world-wide basis. 

mine the need for an improved world-wide navigation system, traffic control, 

search and rescue, and communication systems for .aircraft and ships. Five 

Studies are underway to deter- 
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Applications Technology Satellites scheduled for launch in the 1966-1969 

period may test and evaluate advanced subsystems applicable to communica- 

tions, meteorology, navigation, and other purposes; test and evaluate 

satellite structures and stabilization systems peculiar to communications, 

navigation and other satellite endeavors; and offer the potential for de- 

termining the radiation levels and the long-term effects of this environment 

on spacecraft components at different altitudes, particularly the synchronous 

altitude where little environmental data exists. 

projects are completed except for continuing data reduction and analysis. 

The Echo, Relay and Syncom 

FUNDS REQUIRED: 

(Thousands of 
1965 1966 

Supporting research and 

Echo I1 ............................. 32 5 
Relay ............................. 462 2 00 
Syncom .............................. 168 100 

technology/advanced studies ...... $ 2,124 $.4,500 --- 

Early gravity gradient test 

Applications technology satellites .. 22,695 28,000 
--- satellite ........................ 5,000 

Total ........................ $30,774 $32,800 

WHY FUNDS REQUIRED: 

Supporting Research and Technologv/Advanced Studies 

Dollars) 
1967 

21,800 

,$26,400 

The Supporting Research and Technology (SR&T) is concentrated in four 

areas; (1) Communication and Navigation, ( 2 )  Applications Technology, ( 3 )  

Advanced Missions, and (4 )  Data Analysis. The SR&T effort will identify 
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and solve critical technical problems, advance the state-of-the-art, 

provide the basis for advanced satellite projects and provide data 

analysis on life-time data on Echo 11, Relay and Syncom. 

Echo I1 

The Echo project consisted of design, development, launch and evalua- 

tion of a large inflatable passive conununication satellite. 

l& level effort in experiments on Echo 11, the project has been completed. 

No FY 1966 funds are required. FY 1967 funds are required for continued 

data analysis. 

Re lay 

Other than a 

Project Relay consisted of the design, development, launch and evalua- 

tion of two intermediate altitude active communications satellites. This 

project demonstrated the capability to economically and reliably perform 

narrowband and wideband communication between widely separated ground sta- 

tions for long periods of time. Except for continued communications and 

radiation experiments data reduction and analysis, the project is completed. 

Sync om 

Project Syncom consisted of the design, development, launch, and evalua- 

tion of synchronous altitude active comunication satellites. This project 

demonstrated the Capability of performing communications experiments includ- 

ing telegraph, digital data, and TV demonstrations reliably, economically, 

and for long periods of time. The project was completed following the launch 
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of Syncom I11 i n  August 1964 and subsequent success fu l  demonstrat ions.  

E f f o r t  is cont inuing i n  communications experiments d a t a  r educ t ion  and 

a n a l y s i s  f o r  which FY 1967 funds w i l l  be  used.  

E a r l y  Gravity Gradient  T e s t  S a t e l l i t e  

Earl ier ,  work on t h i s  p r o j e c t  c o n s i s t e d  of t h e  des ign ,  development 

and f l i g h t  t e s t i n g  of a g r a v i t y  g r a d i e n t  s t a b i l i z a t i o n  system i n  support  

of t h e  Defense Communications S a t e l l i t e  program. 

en te red  i n t o  an  agreement whereby t h e  A i r  Force Space Systems Command w i l l  

be  r e s p o n s i b l e  f o r  t h e  procurement of f l i g h t  hardware and w i l l  f l i g h t  t es t  

t h e  g r a v i t y  g r a d i e n t  system a s  an  i n t e g r a l  p a r t  of t h e  i n i t i a l  Defense 

Communications S a t e l l i t e  f l i g h t s .  NASA w i l l  cont inue t o  monitor t h i s  e f -  

f o r t  and provide t e c h n i c a l  a s s i s t a n c e  t o  t h e  A i r  Force.  FY 1965 funds of 

$5,000,000 are  a v a i l a b l e  t o  t h e  A i r  Force t o  cover c o s t s  of t h e  s p a c e c r a f t .  

No FY 1966 o r  FY 1967 funds are r equ i r ed  by NASA. 

App l i ca t ions  Technology S a t e l l i t e s  

The NASA and t h e  DOD 

T h i s  p r o j e c t  c o n s i s t s  of t h e  des ign ,  development, launch, and evalua- 

t i o n  of a b a s i c  s p a c e c r a f t  capable  of performing communications, meteorologi- 

c a l ,  g r a v i t y  g r a d i e n t  s t a b i l i z a t i o n ,  s c i e n t i f i c  and o t h e r  t echno log ica l  ex- 

per iments .  The p r o j e c t  i n c l u d e s  f i v e  launches: one being a g r a v i t y  g r a d i e n t  

s t a b i l i z e d  s a t e l l i t e  i n  a 6,500 m i l e  c i r c u l a r  o r b i t ;  two launches of s p i n  

s t a b i l i z e d  s a t e l l i t e s ;  and two launches of g r a v i t y  g r a d i e n t  s t a b i l i z e d  

satel l i tes  i n t o  synchronous o r b i t .  A l l  f i v e  satel l i tes  w i l l  c a r r y  meteoro- 
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l o g i c a l ,  communications, s c i e n t i f i c  and o t h e r  t echno log ica l  experiments; 

i n  a d d i t i o n ,  t h e  6,500 m i l e  o r b i t ,  and two synchronous s a t e l l i t e s  w i l l  

c a r r y  g r a v i t y  g r a d i e n t  experiments.  

f i r s t  launch ( s p i n  s t a b i l i z e d ,  synchronous o r b i t )  and p r e p a r a t i o n  f o r  t h e  

second launch (6,500 m i l e  o r b i t )  and continued development and t e s t i n g  

of t h e  remaining t h r e e  s p a c e c r a f t  and experiments.  Operat ions and i n i t i a l  

d a t e  a n a l y s i s  f o r  t h e  f i r s t  f l i g h t  w i l l  a l s o  be provided f o r  w i th  FY 1967 

funds.  

FY 1967 funds w i l l  provide f o r  t h e  

RSrD OFFICE OF SPACE SCIENCE AND APPLICATIONS 

BASIC RESEARCH PROGRAM 

I n  t h i s  program NASA i n i t i a t e s  and admin i s t e r s  fundamental r e sea rch  

i n  t h e  phys ica l  and mathematical s c i e n c e s  f o r  development of f u t u r e  aero-  

n a u t i c a l  and space v e h i c l e s .  The Basic Research Program i s  concentrated 

i n  t h e  NASA Research Cen te r s ,  supplemented by a c o n t r a c t  program wi th  

u n i v e r s i t i e s ,  non-p ro f i t  i n s t i t u t i o n s ,  i n d u s t r y  and o t h e r  Government agenc ie s .  

Basic  r e s e a r c h  covers  a wide spectrum, from extremely fundamental s t u d i e s  of 

t h e  n a t u r e  and behavior of ma t t e r  t o  more app l i ed  s t u d i e s  such a s  t h e  pre-  

v e n t i o n  of c a t a s t r o p h i c  s t r e s s - c o r r o s i o n  f a i l u r e  of t i t a n i u m  t a n k s  when 

f i l l e d  wi th  n i t rogen  t e t r o x i d e .  

i n c r e a s e  and disseminat ion of knowledge i n  a r e a s  considered v i t a l  t o  t h e  

f u t u r e  of NASA. 

The broad o b j e c t i v e  of t h i s  program i s  t h e  
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FUNDS REQUIRED: 

(Thousands of D o l l a r s )  
1965 1966 1967 

Supporting r e sea rch  and 
technology .................... $21,231 $22,000 $23,000 

T o t a l  ....................... $21,231 $22,000 $23,000 

WHY FUNDS REQUIRED: 

The Basic Research Program concen t r a t e s  on f o u r  major d i s c i p l i n e s  re- 

l a t e d  t o  NASA's c u r r e n t  and f u t u r e  missions: F l u i d  Phys ics ,  E lec t rophys ics ,  

Materials and Applied Mathematics. 

and planned r e sea rch  c o n t r i b u t e s  t o  t h e  NASA program. 

The fol lowing examples show how e x i s t i n g  

Liquids  r e l a t i n g  t o  magnetic f i e l d s  may l ead  t o  unique space power 'sys- 

t e m s  and provide a means f o r  s tudying and c o n t r o l l i n g  f l u i d s  i n  "zero-gravi ty"  

s i t u a t i o n s .  Nuclear magnetic resonance techniques  have been used t o  d e t e c t  

hydrogen n u c l e i  i n  s o i l  and rock  samples; such knowledge could i n d i c a t e  t h e  

presence of t r a c e  amounts of  water i n  samples from t h e  moon and p l a n e t s .  New 

materials i n v e s t i g a t i o n s  may lead  t o  l igh ter -weight  s t r u c t u r a l  materials,  

chemical ly  s t a b l e  and r a d i a t i o n  r e s i s t a n t  c o a t i n g s ,  and high temperature  and 

h igh  s t r e n g t h  materials f o r  propuls ion  systems. 

R&D OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

SPACE VEHICLE SYSTEMS PROGRAM 

Thi s  program wants t o  i d e n t i f y  and so lve  des ign  problems i n  space 

v e h i c l e  launch and a s c e n t  through t h e  atmosphere,  f l i g h t  through space,  
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e n t r y  i n t o  t h e  atmosphere of t h e  e a r t h  and o t h e r  p l a n e t s ,  and landing .  

Research i s  conducted on a broad f r o n t  i n  spacec ra f t  and launch v e h i c l e  

aerothermodynamics and s t r u c t u r e s  and i n  technologica l  d i s c i p l i n e s  of 

importance t o  space f l i g h t  which inc lude  high energy r a d i a t i o n ,  meteoroids ,  

vacuum, thermal  r a d i a t i o n  and temperature  c o n t r o l ,  and t h e  c o n t r o l  of 

f l u i d s  i n  t h e  we igh t l e s s  s ta te .  The program i s  d i r e c t e d  toward providing 

t h e  advanced technology base f o r  *fu ture  space v e h i c l e s  and miss ions ,  and 

a t  t h e  same t i m e  provide support  f o r  e x i s t i n g  v e h i c l e  development programs 

i n  t h e  s o l u t i o n  of immediate des ign  problems. 

FUNDS REQUIRED: 

(Thousands of D o l l a r s )  
1965 1966 1967 

Supporting r e sea rch  and 
technclogy . . . . . . . . . . . . . . . . . . . .  

P r o j e c t  FIRE ..................... 
L i f t i n g  body f l i g h t  and landing 

tes t s  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Scout r e e n t r y  p r o j e c t  ............ 
P r o j e c t  Pegasus (Saturn-launched 

Small space v e h i c l e  f l i g h t  

Scout-launched meteoroid 

meteoroid experiment) .......... 
experiments  . . . . . . . . . . . . . . . . . .  
experiments .................... 

$25,707 $26,000 $28,700 
1,811 500 --- 
1,400 1,000 1,000 

4 00 3,000 4,800 

13,690 2,500 --- 
1,010 2,000 1,500 

T o t a l  ...................... $44,193 $35,000 $36,000 

WHY FUNDS REQUIRED: 

Supporting Research and Technology 

The reques ted  funds w i l l  c a r r y  out  research  'and advanced technology 
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program i n  aerothermodynamics, s t r u c t u r e s ,  and space environmental  f a c t o r s  

and develop space v e h i c l e  design c r i t e r i a  i n  t h e s e  and o t h e r  areas.  

w i l l  be i n  t h e  t echno log ie s  of atmosphere e n t r y  and s p a c e c r a f t  t e rmina l  

descen t  and landing e s p e c i a l l y ,  advanced c o n t r o l l e d  e n t r y  v e h i c l e s  f o r  manned 

space f l i g h t  a p p l i c a t i o n s  and r e f u r b i s h a b l e  a b l a t i v e  h e a t  s h i e l d s  f o r  such 

v e h i c l e s ;  v e h i c l e  concep t s ,  h e a t i n g ,  and h e a t  p ro t ec t ed  s t r u c t u r e s  f o r  

atmosphere e n t r y  a t  p l a n e t a r y  f l i g h t  speeds of 50,000 f e e t  pe r  second and 

g r e a t e r ;  advanced c o n t r o l l e d  t e rmina l  descen t  techniques and systems f o r  

s e m i - b a l l i s t i c  manned e n t r y  v e h i c l e s ;  and parachute  and d e c e l e r a t o r  tech- 

nology f o r  t e rmina l  descent  i n  t h e  atmosphere of Mars. Research a l s o  w i l l  

be conducted on aerothermodynamic and s t r u c t u r a l  problems of importance t o  

c u r r e n t  launch v e h i c l e s .  Spec ia l  a t t e n t i o n  w i l l  be given t o  t h e  d i f f i c u l t  

problems involved i n  recovery and r euse  of launch v e h i c l e  s t a g e s .  I n  space 

environmental  f a c t o r s ,  emphasis w i l l  be on t h e  problem of f u r t h e r  d e f i n i n g  

t h e  meteoroid environment, on which major p rogres s  w a s  made during t h e  p a s t  

yea r  w i t h  t h e  s u c c e s s f u l  launchings of t h e  l a r g e  Pegasus meteoroid d e t e c t i o n  

sa te l l i t es .  Research w i l l  be continued and augmented i n  high energy r a d i a -  

t i o n  e f f e c t s  and s h i e l d i n g  and t h e  behavior  of f l u i d s  i n  t h e  w e i g h t l e s s  

s t a t e .  

Emphasis 

The Space Vehicle  Systems program i s  c a r r i e d  out  in-house a t  a l l  major 

NASA Cen te r s ,  w i th  t h e  primary e f f o r t  conducted a t  t h e  Langley, A m e s ,  L e w i s  

and F l i g h t  Research Cen te r s ,  and i s  supplemented by r e s e a r c h  conducted by 

c o n t r a c t  w i th  i n d u s t r y  and educa t iona l  i n s t i t u t i o n s .  
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L i f t i n g  Body F l i g h t  and Landing T e s t s  

F”isca1 Year 1967 funds are  asked t o  conduct a n  ex tens ive  f l i g h t  tes t  

program a t  F l i g h t  Research Center  on t h e  M-2 and HL-10 v e h i c l e s ,  a program 

i n  which both  NASA and US&? t es t  p i l o t s  w i l l  p a r t i c i p a t e .  

w i l l  i n v e s t i g a t e  t h e  t e rmina l  approach and landing  phase of f l i g h t  of un- 

convent iona l  wingless  v e h i c l e s  t y p i c a l  of a c l a s s  of  l i f t i n g  conf igu ra t ions  

having improved maneuvering c a p a b i l i t i e s  i n  atmosphere e n t r y  f l i g h t .  

two tes t  v e h i c l e s  were cons t ruc t ed  by t h e  Northrop Corporat ion t o  NASA 

s p e c i f i c a t i o n s .  

t h e  HL-10 i s  near ing  d e l i v e r y  and w i l l  r each  f l i g h t  r ead iness  i n  t h e  sp r ing  

of 1966. The tes t  program w i l l  be  conducted by ca r ry ing  t h e  v e h i c l e s  a l o f t  

by a B-52 a i r c r a f t  and r e l e a s i n g  them t o  g l i d i n g  f l i g h t  a t  40,000 f e e t  and 

Mach 0.8. 

Scout Reentry P r o j e c t  

The program 

The 

The M-2 h a s  been d e l i v e r e d  and i s  near ing  f l i g h t  r ead iness ;  

The funds reques ted  are needed f o r  anchor p o i n t  f l i g h t  experiments  

launched by Scout v e h i c l e s .  

i s  t o  support  t h e  advancement of  atmosphere e n t r y  technology,  w i th  p a r t i c u l a r  

emphasis on t h e  t echno log ie s  of aerothermodynamics and hea t  p r o t e c t i v e  s t r u c -  

t u r e s .  

T h i s  i s  a cont inuing  program whose o b j e c t i v e  

These experiments  are  conducted w i t h  t h e  a i m  of c o r r e l a t i n g ,  verify-i  

i n g ,  and extending r e s e a r c h  r e s u l t s  ob ta ined  i n  l abora to ry  f a c i l i t i e s .  

The f l i g h t  experiments  w i l l  (1) determine t h e  performance of  an  ad- 

vanced a b l a t i v e  h e a t  s h i e l d  m a t e r i a l  of i n t e r e s t  t o  b a l l i s t i c  e n t r y  v e h i c l e  
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applications; (2) investigate performance and characteristics of ablative 

heat shields for application to refurbishable heat protection systems for 

lifting reentry configurations; ( 3 )  measure heating rates associated with 

turbulent boundary layers at high Mach numbers and high Reynolds numbers; 

and ( 4 )  develop, in an intermediate step, the flight techniques, systems, 

and instruments required for later 50,000 feet per second entry flight tests. 

Small Space Vehicle Flight Experiments 

Fiscal Year 1967 funds are requested for selected flight experiments 

using small rocket launch vehicles to verify results obtained in ground- 

based facilities, and to investigate problems which can only be studied 

under actual flight conditions. Flight experiments will be conducted in 

this program to determine the deployment, loading, and descent character- 

istics of advanced parachutes, for application to the problem of terminal 

descent and landing of instrumented payloads in the thin atmosphere of Mars. 

The experiments will be launched by Nike rockets to altitudes near 100,000 

feet to simulate conditions expected in the Martian atmosphere. 

Funds are requested for ablation materials performance experiments at 

intermediate speeds between those obtained in the Scout-launched experiments 

and those achievable in ground-based facilities. These flights will incor- 

porate research on techniques and instrumentation aids for payload recovery, 

an essential feature of future heat shield materials flight experiments 

which will permit post-flight examination and analysis of specimens. 
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R&D OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

ELECTRONICS SYSTEMS PROGRAM 

Laboratory research is conducted, under this program, both in-house 

and under contract in problems of guidance, control, communications, 

tracking, instrumentation, data processing and electronic components. 

Guidance research has the objective of employing new concepts having 

the potential of substantially reducing the quantity of moving parts or 

of otherwise decreasing complexity, size, weight and power requirements. 

Inertial, optical, and electromagnetic means are employed to exploit these 

concepts. In control systems research, automatic and manual flight control 

and space or aeronautical vehicle attitude control technology improvements 

are sought. Emphasis is placed on establishing new concepts and verifying 

them on flight control simulators, leading eventually to experimental and 

operational flight on real vehicles. 

The ability to communicate over interplanetary distances and to accom- 

plish deep space tracking functions is limited. Research is performed to 

provide a firm technological base for the evolution of future system con- 

figurations. Investigations in the microwave, millimeter and sub-millimeter, 

and optical frequency domains are condilcted to develop the basic concepts 

and components required to improve system capabilities. 

In the area of instrumentation and data processing, the technology 

applied to the processing of Mariner IV pictures to reduce noise and improve 
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1 

contrast leads to a host of new technological requirements for future 

missions. Included are needs for on-board data storage of millions of 

bits of information and pre-transmission processing to relieve the re- 

quirement for greater spacecraft transmitter power and bandwidth. 

Component technology research involves the basic element of all 

electronic systems and subsystems. Efforts are centered on the develop- 

ment of new and improved space-qualified components and methods for 

achieving increased reliability in future system applications. 

FUNDS REQUIRED: 

(Thousands of Dollars) 
1965 1966 1967 

Supporting research and 

Flight projects 2,400 
technology .................... $23,222 $30,000 $34,000 

................ 2,300 2,800 

......................... Total $25,622 $32,300 $36,800 

WHY FUNDS REQUIRED: 

Supporting Research and Technology 

FY 1967 funds are asked to continue and increase support of guidance 

technology based on the promising aspects of the laser gyroscope, new con- 

cepts in horizon scanning and laser radar. Manual control of launch vehicles 

for recoverable booster programs, and potential applications of new components 

to such low fuel and weight attitude control systems as the control moment 

gyro need support. 

tions and new microwave tubes for improvement of present systems in the same 

Work leading to use of the laser in deep space comunica- 
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area r e q u i r e s  inc reased  support .  Increased emphasis i n  FY 1967 w i l l  be 

placed on s t a t i s t i c a l  and o p t i c a l  da t a  processing so t h a t  f u t u r e  missions 

can t r a n s m i t  more meaningful d a t a  from space i n  less bandwidth. Unique 

a p p l i c a t i o n s  of computers on t h e  ground are  r e q u i r e d ,  e s p e c i a l l y  i n  t h e  

area of b e t t e r  communications between computer and man. Adaption of 

mic roe lec t ron ic  technology t o  space system components i s  necessary t o  

meet requirements of decreased s ize ,  weight and power consumption. FY 

1967 funds a re  necessary t o  expand t h i s  e f f o r t  and i n v e s t i g a t e  techniques 

t o  reduce in t e rconnec t ions  between m i c r o c i r c u i t s  and t o  provide f o r  im-  

proved i n s p e c t i o n  techniques t o  b e t t e r  understand t h e  physics  of f a i l u r e .  

Increased emphasis w i l l  be placed on reducing t h e  power consumed by 

e l e c t r o n i c  c i r c u i t r y .  

F l i P h t  P r o j e c t s  

Radio a t t e n u a t i o n  by.plasma shea ths  generated i n  t h e  e a r t h  and 

p l a n e t a r y  e n t r y  process  cont inue t o  d i s r u p t  v i t a l  c o m u n i c a t i o n  between 

s p a c e c r a f t  and e a r t h .  E a r t h  based s imula t ion  of r e e n t r y  cond i t ions  es- 

p e c i a l l y  f o r  p l a n e t a r y  e n t r y  and r e t u r n  v e l o c i t i e s  i s  inadequate a s  t h e  

s t a t e - o f - t h e - a r t  i s  now understood. P r o j e c t  RAM (Radio At t enua t ion  

Measurements) r e q u i r e s  funding t o  permit d i a g n o s t i c  f l i g h t s  and f l i g h t s  i n  

t h e  real  environment t o  test a l l e v i a t i o n  concepts .  

t o  ga the r  more d a t a  i n  t h e  manned space f l i g h t  program t o  e v a l u a t e  t h e  e f -  

f e c t s  of s p a c e c r a f t  windows on t h e  performance of improved space s e x t a n t s .  

Funds a r e  a l s o  r equ i r ed  
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Horizon sensors for determining spacecraft attitude are dependent 

on an accurate knowledge of the earth's radiation characteristics as 

viewed from space. Current programs (SCANNER) are developing techniques 

for measuring these characteristics. 

ment project requires funds to provide a statistical description of the 

earth's horizon radiance profile over a broad range of seasonal and 

climatic variations. 

The Earth Coverage Horizon Measure- 

R&D OFFICE OF ADVAJYCED RESEARCH & TECHNOLOGY 

HUMAN FACTOR SYSTEMS PROGRAM 

Four major objectives are being sought in this program: (1) to 

determine man's reactions to the unique environments of space and aero- 

nautical flight, (2) to define the essential requirements for sustaining 

and protecting man in these environments, (3)  to develop the technology 

necessary to provide suitable life support and protective systems, and 

(4 )  to integrate man's capabilities with those of machines to obtain 

composite systems of superior performance. 

The scope, as well as the success, of future manned space missions 

will depend upon the effective utilization of man for extended periods of 

time. 

nautical systems. Considerations of man'e performance capability and 

psycho-physiological limitations directly affect equipment design and 

performance specifications. 

This requirement is equally important to the success of future aero- 

Such considerations are essential when man 
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i s  t o  be i n t e g r a t e d  a s  a f u n c t i o n a l  p a r t  of a t o t a l  system, The success  

of new mahned systems r e q u i r e s  t h a t  Human F a c t o r s  r e sea rch  s t a y s  i n  s t e p  

w i t h  a l l  o t h e r  a s p e c t s  i n  t h e  development of a new system. The inc reas ing  

p r i o r i t y  of c e r t a i n  lagging Human F a c t o r s  i n v e s t i g a t i o n s  and t echno log ica l  

developments i s  r e f l e c t e d  by t h e  requested funding i n c r e a s e s  d e t a i l e d  below. 

T h i s  program i s  accomplished through a m u l t i - d i s c i p l i n e s  approach. It 

i n c l u d e s  r e s e a r c h e r s  i n  n e a r l y  every f i e l d  of medicine,  and i n  b io logy ,  

psychology, eng inee r ing ,  phys i c s ,  and e l e c t r o n i c s .  They a r e  loca t ed  i n  NASA 

c e n t e r s ,  DOD aerospace medical f a c i l i t i e s ,  u n i v e r s i t i e s ,  and i n d u s t r i e s  

l o c a t e d  throughout t h e  country.  

FUNDS REQUIRED: 

(Thousands of D o l l a r s )  
1965 1966 1967 

Supporting r e sea rch  and 

Small biotechnology f l i g h t  
technology ..................... $12,160 $13,000 $15,500 

p r o j e c t s  ....................... 1,160 1,900 1,500 

$14,900 $17,000 T o t a l  .......................... $13,320 

WHY FUNDS REQUIRED: 

Supporting Research and Technology 

T h i s  i s  an  i n t e g r a t e d  program d i r e c t e d  toward t h e  accomplishment of t h e  

f o u r  major o b j e c t i v e s  of t h e  o v e r a l l  Human F a c t o r s  System Program. The program 

i n c l u d e s  e f f o r t  toward understanding t h e  phys io log ica l  and psychological  re- 

a c t i o n s  of men t o  t h e  environmental  c o n d i t i o n s  of space t r a v e l ,  i nc lud ing  
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c a r d i o v a s c u l a r ,  metabol ic ,  and n u t r i t i o n a l  r e a c t i o n s .  The r e s e a r c h  involved 

cove r s  microbiology, d e f i n i t i o n s  of systems t o  s u s t a i n  l i f e  i n  t h e  h o s t i l e  

environment, s t u d i e s  of man-machine i n t e r a c t i o n s ,  and r e sea rch  toward d e f i n -  

i ng  and so lv ing  next-generat ion of man i n t o  t h e  o p e r a t i o n a l  system of f u t u r e  

a i r  and s p a c e c r a f t .  

Small  Biotechnology F l i g h t  P r o j e c t s  

These p r o j e c t s  cover a cont inuing series of small f l i g h t  experiments 

designed e i t h e r  t o  v a l i d a t e  r e s u l t s  of l a b o r a t o r y  r e s e a r c h  o r  t o  o b t a i n  es- 

s e n t i a l  information not  ob ta inab le  from r e s e a r c h  i n  t h e  l a b o r a t o r y .  

ments t o  be performed i n  FY 1967 inc lude  t h e  measurement of phys io log ica l  pro- 

cesses i n  humans under c o n d i t i o n s  of stress encountered i n  f l i g h t  and measure- 

ments of t h e  a d a p t a b i l i t y  of animals t o  prolonged o r b i t a l  f l i g h t .  

Experi-  

R&D OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

SPACE POWER AND ELECTRIC 
PROPULSION SYSTEMS PROGRAM 

T h i s  program p rov ides  r e s e a r c h  and technology t o  evolve new and improved 

methods of power gene ra t ion  and e l e c t r i c  p ropu l s ion  f o r  space a p p l i c a t i o n s .  

The program i n c l u d e s  work aimed a t  more e f f i c i e n t  and p r a c t i c a l  use of nuc lea r ,  

s o l a r  and chemical energy f o r  t h e  gene ra t ion  and u t i l i z a t i o n  of e l e c t r i c  power 

i n  space; a s  w e l l  as t h e  development of t h e  technology of e l e c t r i c  t h r u s t o r s  

powered by e i t h e r  s o l a r  o r  nuc lea r  power systems. 

A l l  space v e h i c l e s  r e q u i r e  e l e c t r i c  power f o r  o p e r a t i o n  of such equipment 

as conanunications, t e l eme t ry ,  guidance, s t a b i l i z a t i o n  and s c i e n t i f i c  i n s t rumen t s .  
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The power level and d u r a t i o n  varies widely (watts t o  megawatts and hours  t o  

y e a r s )  depending on t h e  purpose of t h e  v e h i c l e ,  b u t  t h e  t r end  i s  toward t h e  

h ighe r  power levels and longer  mission d u r a t i o n s .  T h i s  t r end  r e s u l t s  from t h e  

a v a i l a b i l i t y  of l a r g e r  launch v e h i c l e s  such a s  t h e  Saturn and from t h e  d e s i r e  

t o  undertake more ambit ious programs. A l l  power system experience t o  d a t e  

h a s  been a t  r e l a t i v e l y  low power levels ,  less than  1 k i l o w a t t ,  and t h e  vast 

ma jo r i ty  of a p p l i c a t i o n s  have involved s o l a r  c e l l  and b a t t e r y  systems. T h i s  

experience has  shown t h a t  c u r r e n t  s o l a r  c e l l  and b a t t e r y  systems w i l l  r e q u i r e  

major improvements i n  performance, p a r t i c u l a r l y  a t  t h e  higher  power levels, 

and t h a t  advanced systems t h a t  a r e  more compact and independent of t h e  sun w i l l  

be r e q u i r e d .  

Electr ic  t h r u s t o r  systems o f f e r  promise of s i g n i f i c a n t  savings i n  space- 

c r a f t  weight ,  t r i p  time o r  i nc reased  payload. The power r equ i r ed  ranges from 

w a t t s  f o r  a t t i t u d e  c o n t r o l  systems t o  megawatts f o r  manned i n t e r p l a n e t a r y  pro- 

p u l s i o n  systems. S o l a r  c e l l s  appear t o  be s a t i s f a c t o r y  power sources  f o r  t h e  

lower power t h r u s t o r s .  Work i s  needed on t h e  system a s p e c t s  of e l e c t r i c  

t h r u s t o r s  i n  a n t i c i p a t i o n  of several e a r l y  a p p l i c a t i o n s .  

FUNDS REQUIRED: 

(Thousands of D o l l a r s )  
1965 1966 1967 

Supporting r e s e a r c h  and 
technology .................. ;... $36,770 $38,200 $37,000 

Space e l e c t r i c  r o c k e t  t e s t  
(SERT) 2,300 3,000 . _  

SNAP-8 development ............... 19 , 150 4 , 000 5,500 

T,otal .......................... $58,220 $45,2 00 $42 , 500 

--- ......................... 
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WHY FUNDS REQUIRED: 

Supporting Research and Technology 

A l l  spacec ra f t  u t i l i z e  e l e c t r i c  power f o r  t h e i r  ope ra t ion .  The space 

power po r t ion  of t h e  space power and e l e c t r i c  propuls ion program i s  aimed 

a t  providing t h e  technology f o r  making s i g n i f i c a n t  and worthwhile improve- 

ments i n  ope ra t iona l  systems, i . e .  s o l a r  c e l l s  and b a t t e r i e s ,  and achieving 

t h e  p o t e n t i a l  advantages of advanced systems such as i so tope  and r e a c t o r  

power p l a n t s .  

The e l e c t r i c  t h r u s t o r  p o r t i o n  of t h e  program inc ludes  t h e  technology 

necessary f o r  e a r l y  a p p l i c a t i o n s  of low t h r u s t  systems powered by s o l a r  c e l l  

power p l a n t s ,  and a longer  range e f f o r t  toward t h e  continued improvement of 

t h r u s t o r s  over t h e  e n t i r e  range of a p p l i c a t i o n s  from small spacec ra f t  p o s i t i o n  

c o n t r o l  systems t o  l a r g e  nuc lear  powered manned i n t e r p l a n e t a r y  propuls ion  

systems. The program i s  paced t o  provide new technology information i n  a 

t imely  and economical manner c o n s i s t e n t  wi th  poss ib l e  f u t u r e  mission r equ i r e -  

ment s. 

SNAP - 8 Deve lopmen t 

Development of SNAP-8 power conversion system performance and endurance 

w i l l  be  continued toward t h e  35 We, 10,000 hour o b j e c t i v e .  

i t  i s  expected t h a t  t h e  endurance t e s t i n g  of t h e  major components w i l l  be 

advanced t o  t h e  2500 hour po in t .  

performance, materials and long l i f e  ins t rumenta t ion  i n i t i a t e d  i n  l a t e  FY 1966 

During FY 1967 

Technical  support  i n v e s t i g a t i o n s  i n  b o i l e r  
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w i l l  be continued i n  F Y  1967. Operation a t  35 We of t h e  f i r s t  breadboard 

power conversion system w i l l  be  continued i n  F Y  1967, and automatic system 

s t a r t u p  w i l l  be  inves t iga t ed .  

R&D O F F I C E  OF ADVANCED RESEARCH &,TECHNOLOGY 

NUCLEAR ROCKETS PROGRAM 

Th i s  program provides  t h e  necessary r e sea rch ,  des ign ,  and engineer ing 

d a t a ,  test  hardware, and genera l  technology requi red  t o  develop nuc lear  rocke t  

systems wi th  power levels,  opera t ing  times, r e s t a r t  cond i t ions ,  and s p e c i f i c  

impulse va lues  s u i t a b l e  f o r  advanced space missions.  

performance t h a t  should provide major advantages over chemical systems i n  terms 

of payloads,  c o s t s ,  and mission f l e x i b i l i t y .  

f o r  many advanced space missions such as  luna r  base l o g i s t i c  ope ra t ions ,  deep 

space probing wi th  heavy complex s p a c e c r a f t ,  and manned exp lo ra t ion  of t h e  

p l a n e t s .  

Such systems have h igher  

They are p a r t i c u l a r l y  s u i t a b l e  

The major a r e a s  of e f f o r t  are t h e  research  and engineer ing of t he  nuclear  

r e a c t o r ,  t h e  development of c e r t a i n  non-nuclear components, and t h e  i n t e g r a t i o n  

of t h e  r e a c t o r  and non-reactor components i n t o  a complete experimental  engine 

system. 

The experimental  ground t e s t  engine system i s  being inves t iga t ed  t o  provide 

a n  e s s e n t i a l  understanding of t h e  i n t e r a c t i o n  of components i n  nuc lear  rocke t  

engines  and of t%e system performance c h a r a c t e r i s t i c s .  Progress  i n  the  tech-  

nology phase,  NASA says ,  warran ts  t h e  i n i t i a t i o n  of s p e c i f i c  engine development 

i n  F Y  1967. 
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FUNDS REQUIRED: 

(Thousands of Do l l a r s )  
1965 1966 1967 

Supporting r e sea rch  and 
technology ................... 

NERVA .......................... 
NRDS opera t ions  ................ 

T o t a l  ........................ 

$20,891 $21,000 $16,900 
35,370 36,000 33,100 

739 1,000 3,000 

$57,000 $58 , 000 $53,000 

WHY FUNDS REQUIRED: 

Supportinp Research and Technology 

The support ing r e sea rch  and technology e f f o r t  supp l i e s  .four bas i c  needs 

(1) genera l  support ing r e sea rch  and technologica l  da t a  f o r  cu r ren t  p r o j e c t s ;  

(2) necessary b a s i c  technology f o r  t h e  development of f u t u r e  gene ra t ions  o f '  

nuc lear  rocke t  engines  and v e h i c l e s ;  (3) f e a s i b i l i t y  ana lyses  of advanced nuc lear  

propuls ion  concepts;  and, ( 4 )  s t u d i e s  of t h e  s p e c i a l  s a f e t y  problems of nuc lear  

rocke t s .  

T h i s  e f f o r t  a l s o  inc ludes  r e sea rch  on t h e  components and systems requi red  

f o r  both t h e  r e a c t o r  and engine of f u t u r e  nuc lear  rocke t  propuls ion  systems. 

The major problems s tudied  are those  a s soc ia t ed  wi th  developing systems t h a t  

w i l l  ope ra t e  r e l i a b l y  under t h e  adverse condi t ions  of r e a c t o r  r a d i a t i o n  and temp- 

e r a t u r e  extremes inhe ren t  i n  t h e  nuc lear  rocke t  engine.  

NERVA 

The o b j e c t i v e  of t h e  NEXVA technology e f f o r t  i s  t o  develop the  technology 

of nuc lear  rocke t  engine systems u t i l i z i n g  g r a p h i t e  so l id-core  r e a c t o r s .  
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Progress i n  t h e  g raph i t e  r e a c t o r  program has  been good. 

performance levels i n  excess  of 750 seconds s p e c i f i c  impulse a t  55,000 pounds 

of t h r u s t  have been achieved f o r  extended du ra t ions .  I n  view of t h e  r e a c t o r  

progress ,  increased  emphasis i s  being devoted t o  the  engine system phase. Th i s  

e f f o r t  i nc ludes  t h e  development of c r i t i c a l  non-nuclear components, such a s  

t h e  nozzle ,  turbopump and c o n t r o l  system, and t h e  i n t e g r a t i o n  of t hese  compo- 

nents  w i th  t h e  r e a c t o r  i n t o  meaningful nuc lear  rocke t  engine systems tests. 

It i s  important t o  ga in  a thorough understanding of t h e  i n t e r a c t i o n s  of t h e  

v a r i o u s  components during s t a r t - u p ,  f u l l  power ope ra t ion ,  opera t ion  a t  o f f -  

des ign  cond i t ions ,  and during cool-down per iods .  

develop components and systems leading t o  t h e  development of ope ra t iona l  f l i g h t  

engine systems wi th  a h igh  assurance  of success .  

NRDS Operat ions 

A l t i t u d e  equiva len t  

With t h i s  knowledge NASA can 

The mission of t h e  Nuclear Rocket Development S t a t i o n  i n  Nevada i s  t o  pro- 

v i d e  a s i te  f o r  ground s t a t i c  t e s t i n g  of r e a c t o r s ,  engines ,  and even tua l ly ,  

v e h i c l e  s t a g e s  f o r  t h e  nuc lear  rocke t s  program. 

provide f o r  NASA's sha re  of t h e  base support  s e rv i ces  necessary i n  t h e  mainten- 

ance and ope ra t ion  of t h e  f a c i l i t i e s  a t  t h e  s i te .  

The funds under t h i s  p r o j e c t  

R&D OFFICE OF ADVANCED RESEARCH & TECHNOLOGY 

CHEMICAL PROPULSION PROGRAM 

The chemical propuls ion  program i s  geared a t  e s t a b l i s h i n g  a sound base of 

.technology on which t o  p l an  and t o  develop propuls ion  equipment f o r  space program 
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missions.  The spectrum of a p p l i c a t i o n s  inc ludes  launch v e h i c l e s ,  upper s t a g e s ,  

spacec ra f t ,  and a u x i l i a r y  devices  such as personnel  mob i l i t y  devices .  

search  work covers  a broad range of engineer ing sc iences ,  wi th  t h e  i n t e n t  t o  

provide a s tockp i l e  of t e c h n i c a l  information from which t o  draw t o  m e e t  any 

f u t u r e  propuls ion requirement .  The work covers  b a s i c  s t u d i e s  and experiments 

such as measurements of chemical and phys ica l  p r o p e r t i e s  of p r o p e l l a n t s ,  i g n i -  

t i o n  and combustion phenomena, c lass ical  and non-equilibrium thermodynamic 

processes ,  s t u d i e s  of f l u i d  mechanics, gas  dynamics, hea t  t r a n s f e r ,  and s o l i d  

mechanics. It a l s o  inc ludes  t h e  examination of new materials, p r o p e l l a n t s ,  o r  

processes ,  and examination and documentation of techniques ,  procedures ,  and 

s p e c i f i c a t i o n s .  

t a i n i n g  of da t a  t o  e s t a b l i s h  t h e i r  f e a s i b i l i t y .  

problem areas a r e  i d e n t i f i e d .  

The re- 

Th i s  base covers  t h e  examination of new concepts  and t h e  ob- 

Fu tu re  requirements  and new 

The experimental  engineer ing program concent ra tes  engineer ing e f f o r t  toward 

demonstrating t h e  adequacy of  our technology t o  meet a t t r ac t ive  mission requi re -  

ments. Th i s  work involves  t h e  des ign ,  f a b r i c a t i o n ,  and t e s t  of func t iona l  

model propuls ion  systems and subcomponents t o  prove t h a t  t h e  b a s i c  technologies  

can be i n t e g r a t e d  t o  c r e a t e  p r a c t i c a l  and r e l i a b l e  propuls ion  machinery. 

FUNDS REQUIRED: 

(Thousands of D o l l a r s )  
1965 1966 1967 

Supporting r e sea rch  and technology ... $24,762 $33,500 $33,500 
M-1 engine p r o j e c t  ................... 24,910 2,000 -- 
Large s o l i d  motor p r o j e c t  ............ 26,800 4,200 3,500 
Small chemical propuls ion  .................... --- --- f l i g h t  p r o j e c t s  30 

T o t a l  .............................. $76,502 $39,700 $37,000 
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WHY FUNDS REQUIRED: 

Supporting Research and Technology 

Advanced engine design concepts  f o r  improving v e h i c l e  performance wi th  

chemical p r o p e l l a n t s  are being inves t iga t ed  f o r  launch v e h i c l e  and upper s t a g e  

app l i ca t ion ;  t h e  high energy p r o p e l l a n t s  a r e  being examined f o r  use i n  space- 

c r a f t  where h igh  s p e c i f i c  impulse o f f e r s  s i g n i f i c a n t  weight savings.  A l i q u i d  

p rope l l an t  experimental  program i s  concent ra t ing  i n i t i a l l y  on spacec ra f t  pro- 

pu l s ion  r e l a t e d  t o  a p p l i c a t i o n s  during t h e  next decade. It inc ludes  examina- 

t i o n  of high performance propuls ion systems using hydrogen and f l u o r i n e  pro- 

p e l l a n t s  and of space-s torab le  p r o p e l l a n t s  s u i t a b l e  f o r  use a f t e r  extended 

du ra t ion  f l i g h t  i n  t h e  space environment. The experimental  program a l s o  covers  

work on advanced high performance engine systems t h a t  w i l l  succeed t h e  discon- 

t i nued  M-1 engine.  

The s o l i d  p rope l l an t  motor program inc ludes  research  on nondes t ruc t ive  

t e s t i n g  techniques f o r  i n spec t ion  and q u a l i f i c a t i o n  of loaded motors, i g n i t i o n  

and i n s t a b i l i t y  problems, t h r u s t  vec to r  con t ro l  systems, methods of combustion 

te rmina t ion ,  and improved processing techniques.  New requirements under i n v e s t i -  

g a t i o n  are s t o p - r e s t a r t  c a p a b i l i t y ,  more accu ra t e  t h r u s t  alignment,  and improved 

p r e d i c t a b i l i t y  of p rope l l an t  burning ra te .  

w i l l  develop the  technology r e l a t e d  t o  s o l i d  motor development t o  the  poin t  of 

demonstrated a p p l i c a b i l i t y  t o  launch v e h i c l e s ,  spacec ra f t ,  and a u x i l i a r y  pro- 

pu ls ion  use .  

An experimental  engineer ing program 
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Large S o l i d  Motor P r o i e c t  

The f i r s t  phase of  t h i s  program w i l l  be completed i n  e a r l y  ca lendar  year  

1966. 

c r i t i c a l  subsystems. 

Program con t inua t ion  w i l l  involve development of t h e  technology of 

Subscale motors of 156" s i z e  w i l l  be used f o r  t e s t i n g  of such subsystems 

as t h r u s t  vec to r  c o n t r o l ,  f a i l u r e  warning, and a b o r t  implementation. These 

f e a t u r e s  w i l l  u l t i m a t e l y  be i n t e g r a t e d  i n t o  260" s i z e  motor tes ts .  

R6;D OFFICE OF ADVANCED RESEARCH & TECHNOLOGY 

AERONAUT I C  S PROGRAM 

The Aeronautics program seeks t o  improve the  e f f i c i e n c y ,  u t i l i t y ,  and 

s a f e t y  of a i r c r a f t .  

genera t ion  of advanced a i r c r a f t  concepts ,  (2) t o  seek technologica l  advances 

needed t o  develop supe r io r  a i r c r a f t ,  and (3) t o  supply indus t ry  wi th  advanced 

d a t a  f o r  t h e  design of new a i r c r a f t .  The scope of work i n  aerodynamics, s t r u c -  

t u r e s ,  materials, a i r  b rea th ing  propuls ion ,  and ope ra t iona l  a s p e c t s  inc luding  

s a f e t y ,  no i se ,  and p i l o t  and a i r c r a f t  i n t e g r a t i o n .  These are t h e  t e c h n i c a l  d i s -  

c i p l i n e s  t h a t  provide t h e  da t a  needed f o r  t h e  cons t ruc t ion  of advanced a i r c r a f t .  

S tud ie s  of t h e s e  problems a l s o  po in t  t o  t h e  most p r o f i t a b l e  pa ths  f o r  techno- 

l o g i c a l  advances i n  t h e  f u t u r e .  For  example, t h e  XV-5A fan-in-wing a i r c r a f t ,  

t h e  t i l t -w ing  SC-142A V/STOL t r a n s p o r t ,  and t h e  v a r i a b l e  sweep concept f o r  t h e  

F-111 a l l  appeared several yea r s  ago as  NASA resea rch  concepts having g r e a t  

promise. 

General  o b j e c t i v e s  are:  (1) t o  provide l eade r sh ip  i n  t h e  

I n  t h e  yea r s  between t h e  f i r s t  i n d i c a t i o n  of t h e  va lue  of t h e  concept 
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and t h e  f i r s t  f l i g h t s  of t h e  v e h i c l e s ,  NASA aided i n  t h e  d e t a i l e d  formula- 

t i o n  of t h e  concepts  and i n  s u b s t a n t i a t i n g  t h e  ove r -a l l  c a p a b i l i t i e s  of 

p r a c t i c a l  v e h i c l e s  based on these  concepts .  

I n  a d d i t i o n ,  NASA has  conducted ex tens ive  wind tunnel  tests,  s imula tor  

programs, and f l i g h t  i n v e s t i g a t i o n s  using appropr i a t e  t e s tbed  a i r c r a f t  t o  

s u b s t a n t i a t e  p red ic t ed  performance and ope ra t iona l  c h a r a c t e r i s t i c s  of t hese  

v e h i c l e s  and t o  a i d  i n  t h e  s o l u t i o n  of problems of a developmental na ture .  

I n  t h i s  regard ,  advanced t e c h n i c a l  development i n  support  of m i l i t a r y  and 

c i v i l  a i r c r a f t  procurement cont inues  t o  be conducted. 

i n  cooperat ion wi th  government-sponsored c o n t r a c t o r s  a t  t h e  reques t  of t h e  

cognizant  government agencies .  

Th i s  work i s  performed 

Experimental research  and development a i r c r a f t  and engineer ing tes t  p i l o t  

p ro f i c i ency  a i r c r a f t  considered necessary t o  c a r r y  out  and support  t h e  aero-  

n a u t i c s  e f f o r t  a r e  included under t h i s  F i s c a l  Year program. 

FUNDS REQUIRED: 

(Thousands of Do l l a r s )  
1965 1966 1967 

Supporting r e sea rch  and technology...  . $ 8,163 $10,261 $ 9,000 
X-15 research  a i r c r a f t  ............... 1,425 883 900 
Supersonic t r a n s p o r t  ................. 19,953 14,056 14,100 
V/STOL a i r c r a f t  ...................... 2,987 2,000 5,000 
Hypersonic ramjet experiment ......... 2,712 5,000 2,000 
XB-70 f l i g h t  research  program ........ --- 9,296 2,000 

Tota l  .............................. $35,240 $41,496 $33,000 
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WHY FUNDS REQUIRED: 

Supporting; Research and Technology 

This  w i l l  include s t u d i e s  d i r ec t ed  toward improvement of subsonic,  

supersonic,  and hypersonic a i r c r a f t .  

of t he  aerodynamic in t e r f e rence  between engine nace l les  and wings a t  high 

subsonic speeds; s t u d i e s  of new s t r u c t u r a l  design concepts required t o  f a b r i -  

c a t e  r e l i a b l e  l ightweight  s t r u c t u r e s  s u i t a b l e  f o r  long l i f e t i m e s  under high 

temperature condi t ions ,  f o r  supersonic and hypersonic a i r c r a f t ;  s t u d i e s  of a i r -  

breathing propulsion cyc les  and engine components t o  increase e f f i c i ency  and 

permit t he  design of e f f i c i e n t  l ightweight  engines f o r  V/STOL a i r c r a f t ,  super- 

sonic t r anspor t ,  and hypersonic a i r c r a f t ;  and s tud ie s  d i rec ted  toward improv- 

ing f l i g h t  s a f e t y  and increasing opera t iona l  f l e x i b i l i t y  of present  and pro- 

posed a i r c r a f t ,  e s p e c i a l l y  under adverse o r  "all-weather" f l i g h t  condi t ions 

w i l l  be conducted. 

X-15  Research A i r c r a f t  

For example, wind tunnel  i nves t iga t ions  

The X-15 research program, conducted i n  cooperation with the  Department 

of Defense, i s  providing da ta  on manned, maneuverable hypersonic f l i g h t .  

X - 1 5  remains the  only research c a p a b i l i t y  i n  the  world f o r  studying hypersonic 

f l i g h t  i n  i t s  t r u e  environment. Experimental r e s u l t s  t o  da te  have given bas ic  

i n s i g h t  i n t o  problems of aerodynamics, s t r u c t u r e s ,  propulsion and operat ions 

during hypersonic f l i g h t .  

and w i l l  continue t o  g ive  confidence and guidance t o  research i n  ground based 

The 

Of major importance, the  X-15 r e s u l t s  have given 
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hypersonic r e sea rch  f a c i l i t i e s  enabl ing exp lo ra t ion  i n  depth of many hyper- 

sonic  f l i g h t  problems. I n  s ix  and one-half yea r s  of f l i g h t  t es t ,  from June 

1959 t.o December 1965, t h e  X-15 program not  only h a s  cont r ibu ted  t o  t h e  in -  

c reased  confidence of des igners  of cu r ren t  high-performance a i r c r a f t ,  but  has  

focused a t t e n t i o n  on t h e  areas which requi red  a d d i t i o n a l  r e sea rch .  The f u t u r e  

program w i l l  be d i r e c t e d  toward these  areas, t o  provide information f o r  t h e  

next  l o g i c a l  s t e p  i n  our f l i g h t  r e sea rch  program--manned, maneuverable hyper- 

sonic  c r u i s e  f l i g h t .  

Supersonic Transport  

NASA's r e sea rch  e f f o r t  and support  f o r  t h e  n a t i o n a l  supersonic  t r a n s p o r t  

(SST) program w i l l  cont inue i n  1967 a t  about t he  same level a s  i n  FY 1966, bu t  

wi th  a s u b s t a n t i a l  s h i f t  i n  emphasis. The Fede ra l  Aviat ion Agency and i t s  con- 

t r a c t o r s  w i l l  by then  be ca r ry ing  t h e  major a c t i v i t y  i n  prototype conf igura t ion  

development, s t r u c t u r a l  des igp ,  and development of t h e  f i r s t - g e n e r a t i o n  engines .  

The NASA w i l l  maintain a major e f f o r t  on advanced propuls ion systems and materials 

f o r  advanced engines ,  expand i t s  ope ra t iona l  r e sea rch ,  c a r r y  major r e s p o n s i b i l i t y  

i n  noise  and sonic  boom resea rch  and make a v a i l a b l e  i t s  unique f a c i l i t i e s  and 

t e c h n i c a l  resources  a s  needed during prototype development. 

A l a r g e  p a r t  of t h e  requested funds w i l l  be  used i n  t h e  f i e l d  of propuls ion 

f o r  cont inuing con t r ac t  research  on engine components and m a t e r i a l s  s t a r t e d  i n  

FY's 1965 and 1966. I n  FY 1967, however, t h e  con t r ac t  program w i l l  be reduced 

and a t  t h e  same t i m e ,  t h e  in-house e f f o r t  w i l l  be increased t o  provide research  

information requi red  f o r  second-generation SST engine development. 
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V/STOL A i r c r a f t  

A magor p a r t  of t h e  inc rease  i n  funding i n  FY 1967 w i l l  cover s t u d i e s  

of a new VTOL research  a i r p l a n e  capable  of providing more accu ra t e  information 

on t h e  inf luence  of a l l -wea the r  landing ope ra t ion  c a p a b i l i t y  on t h e  design of 

high-performance t a c t i c a l  V/STOL types .  A f e a s i b i l i t y  s tudy w i l l  be i n i t i a t e d  

t o  determine t h e  c h a r a c t e r i s t i c s  requi red  of such a r e sea rch  a i r p l a n e ,  and t o  

i d e n t i f y  e x i s t i n g  convent ional  high-performance a i r c r a f t  which could be modi- 

f i e d  t o  provide the  v e h i c l e  needed. 

determine t h e  e f f e c t i v e n e s s  of t h e  modi f ica t ions  proposed. 

of t he  e x i s t i n g  vehicle--which t h e  A i r  Force has  agreed t o  provide from i t s  

inventory-may begin.  Related f l i g h t  s t u d i e s  of t h e  requirements f o r  p i l o t  

d i s p l a y s  t o  e f f e c t  s a f e l y  such VTOL a l l -weather  landing ope ra t ion ,  begun i n  

FY 1966, w i l l  cont inue us ing  t h e  NASA Bell  204B h e l i c o p t e r ;  a f l i g h t  i nves t iga -  

t i o n  of an  advanced landing-approach a i d  f o r  STOL a i r c r a f t ,  r e c e n t l y  i n i t i a t e d  

us ing  a convent ional  t r a n s p o r t  a i r p l a n e ,  w i l l  be  extended i n  FY 1967 t o  more 

r e a l i s t i c  approach cond i t ions  fol lowing procurement of a s u i t a b l e  STOL a i r c r a f t .  

Hypersonic R a m j e t  Experiment 

Wind tunnel  s t u d i e s  w i l l  be undertaken t o  

Actual  modi f ica t ion  

A f e a s i b i l i t y  s tudy and des ign  competi t ion i s  c u r r e n t l y  i n  progress  between 

t h e  Garrett Corporat ion,  t h e  General E l e c t r i c  Corporat ion,  and t h e  Marquardt 

Corporation t o  determine an optimum conf igu ra t ion  f o r  a l i q u i d  hydrogen fue led  

ramjet engine capable  of being operated between Mach 3 and 8. 

regime both  subsonic and supersonic  combustion systems can be s tudied  us ing  a 

conve r t ib l e  combustion arrangement. 

I n  t h i s  speed 
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Upon completion of t h e  cu r ren t  phase I s t u d i e s ,  an  eva lua t ion  w i l l  be 

undertaken t o  s e l e c t  one o r  more of t h e  study phase c o n t r a c t o r s  t o  cont inue 

wi th  d e t a i l e d  des ign ,  experimental  wind tunnel  v e r i f i c a t i o n ,  f a b r i c a t i o n ,  

and proof t es t  of t h e  s e l e c t e d  concepts .  

expected t o  r e q u i r e  29 months f o r  completion. 

XB-70 F l i g h t  Research Program 

Th i s  second phase of t h e  program i s  

The use of t he  USAF XB-70 a i r c r a f t  as  a research  t o o l  w i l l  be supported 

It w i l l  provide t h e  NASA wi th  t h e  a b i l i t y  j o i n t l y  by t h e  USAF and t h e  NASA. 

t o  v a l i d a t e  i t s  bas i c  aerodynamic t h e o r i e s  and experimental  r e s u l t s  obtained 

i n  ground f a c i l i t i e s  t o  account f o r ,  a s  examples, e f f e c t s  of v e h i c l e  s i z e  

(Reynolds Number) on s k i n  f r i c t i o n  and hea t  t r a n s f e r ,  e f f e c t s  of e l a s t i c  s t ruc -  

t u r e  deformation on aerodynamics and t h e  e f f e c t  of h e a t  soak on t h i s  deformation, 

e f f e c t s  of v e h i c l e  i n e r t i a  combined wi th  l o w  damping (high a l t i t u d e )  on veh ic l e  

c o n t r o l  requirements ,  e f f e c t  of v e h i c l e  s i z e  on sonic  boom genera t ion  and pro- 

paga t ion ,  i n l e t  c o n t r o l  system requirements and many o the r s .  

problems have been and w i l l  cont inue t o  be the  subjec t  of major research  e f f o r t s  

i n  a n a l y s i s  and ground based f a c i l i t i e s .  

guidance and assessment of t h e  soundness of t hese  programs, a s su r ing  t h a t  major 

programs such a s  t h e  supersonic  t r a n s p o r t  w i l l  proceed on a sound b a s i s .  

A l l  of t hese  

The XB-70 program w i l l  provide v i t a l  

OFFICE OF TRACKING & DATA ACQUISITION 

TRACKING & DATA ACQUISITION PROGRAM 

The purpose of t h i s  program i s  t o  provide t r ack ing  and da ta  a c q u i s i t i o n  
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support  t o  meet t h e  requirements  of f l i g h t  p r o j e c t s .  

f o r  a l l  NASA p r o j e c t s ,  and as  mutual ly  agreed,  f o r  p r o j e c t s  of t h e  Department 

of Defense,  o the r  government agencies ,  u n i v e r s i t i e s ,  p r i v a t e  co rpora t ions ,  

i n t e r n a t i o n a l  o rgan iza t ions ,  and o t h e r  c o u n t r i e s  engaged i n  mutual research  

endeavors.  

Support i s  provided 

Support i s  provided f o r  manned and unmanned f l i g h t s ;  f o r  s p a c e c r a f t ,  

launch v e h i c l e s ,  sounding r o c k e t s ,  and r e sea rch  a i r c r a f t ;  f o r  e a r t h  o r b i t a l  

and s u b o r b i t a l  missions,  lunar  and p l ane ta ry  miss ions ,  and space probes.  

Types of support  provided inc lude  t r ack ing  t o  determine t h e  p o s i t i o n  and 

t r a j e c t o r y  of v e h i c l e s  i n  space,  a c q u i s i t i o n  of d a t a  from s c i e n t i f i c  exper i -  

ments and on t h e  engineer ing performance of spacec ra f t  and launch v e h i c l e  

systems, t ransmiss ion  of commands from ground s t a t i o n s  t o  s p a c e c r a f t ,  communi- 

c a t i o n  of information between va r ious  ground f a c i l i t i e s  and mission c o n t r o l  

c e n t e r s ,  and processing of t h e  da t a  acquired from the  space v e h i c l e s .  

Tracking and da ta  a c q u i s i t i o n  support  i s  provided by a world-wide network 

of ground s t a t i o n s  ( inc luding  Department of Defense s t a t i o n s  and instrumented 

s h i p s ) ,  and by gene ra l  purpose f a c i l i t i e s  i n  launch areas. These s t a t i o n s  are  

l inked  toge the r  by a network of ground communications which provides  t h e  real-  

t i m e  information necessary f o r  c r i t i c a l  dec i s ions .  

t o  process  i n t o  meaningful form t h e  l a r g e  amounts of da t a  which a r e  c o l l e c t e d  

from f l i g h t  p r o j e c t s .  

F a c i l i t i e s  a l s o  are  provided 

Tracking and da ta  a c q u i s i t i o n  f a c i l i t i e s  are used f o r  support  of c u r r e n t  
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miss ions .  A t  t h e  same t i m e ,  they  must be augmented t o  meet t h e  requirements 

of missions i n  t h e  immediate f u t u r e .  Concurrent ly ,  planning must proceed 

f o r  p r o j e c t s  which a r e  even f u r t h e r  i n  the  f u t u r e ,  and equipment and techniques 

must be developed t o  a s s u r e  a sound technologica l  approach f o r  t he  support  of 

t h e  more complex mission requirements  of t he  next genera t ion .  

FUNDS REQUIRED: 

(Thousands of Do l l a r s )  
1965 1966 1967 

Operat ions .................... $95,254 $129,600 $199,000 
Equipment .................... 144,482 87,665 66,500 

.................. 13,800 technology 13,500 13,800 
Supporting research  and 

T o t a l  ....................... 3253,236 $231,065 $2 79,300 

WHY FUNDS REQUIRED: 

Operat ions 

Funds are requi red  f o r  t h e  ope ra t ion  and maintenance of t h e  world-wide 

t r ack ing  and da ta  a c q u i s i t i o n  f a c i l i t i e s .  The FY 1967 opera t ion  program r e f l e c t s  

t h e  support  requi red  f o r  t h e  more complex unmanned f l i g h t  missions and t h e  sup- 

p o r t  f o r  t h e  inc reas ing  a c t i v i t y  i n  t h e  manned space f l i g h t  program. New and 

augmented f a c i l i t i e s ,  inc luding  s h i p s  and a i r c r a f t ,  are  becoming opera t iona l  

wi th  corresponding inc rease  i n  communications requirements .  Increase  i n  per- 

sonnel  and a d d i t i o n a l  l o g i s t i c  support  must be provided t o  opera te  and maintain 

t h e  new f a c i l i t i e s  and equipment. 
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Equipment 

The t r ack ing  and d a t a  a c q u i s i t i o n  support  requirements f o r  forthcoming 

f l i g h t s  e s t a b l i s h  t h e  equipments t h a t  must be procured and t h e  f a c i l i t i e s  

t h a t  must be modified.  The FY 1967 funds f o r  t h i s  purpose r e f l e c t  a decrease 

mainly due t o  p r i o r  y e a r s '  funding of t h e  major po r t ion  of t h e  Apollo r equ i r e -  

ments. Procurements t o  meet manned space f l i g h t  requirements w i l l  cont inue i n  

FY 1967, as  w e l l  as procurement of equipments requi red  f o r  t he  support  of f u t u r e  

unmanned miss ions .  

Supportinp Research and Technology 

Supporting Research and Technology i s  t h e  a c t i v i t y  whereby advanced systems, 

components and techniques are developed and are then  used t o  implement t h e  

va r ious  networks t o  meet t h e  requirements  of new f l i g h t  p r o j e c t s .  

f o r  FY 1967 w i l l  emphasize improvements f o r  increas ing  t h e  r e l i a b i l i t y  and l i f e -  

The program 

t i m e  of e x i s t i n g  systems and f o r  determining techniques f o r  e f f i c i e n t  u t i l i z a t i o n  

of t h e s e  systems t o  m e e t  upcoming requirements.  

OFF ICE OF TECHNOLOGY UTILIZATION 

TECHNOLOGY UTILIZATION PROGRAM 

The Technology U t i l i z a t i o n  program provides  t h e  widest  p r a c t i c a b l e  and ap- 

p r o p r i a t e  disseminat ion t o  indus t ry  of information concerning NASA a c t i v i t i e s  

and r e s u l t s  which appear t o  have i n d u s t r i a l  a p p l i c a t i o n s  p o t e n t i a l .  

U t i l i z a t i o n  a l s o  inc ludes  p r o j e c t s  t o  s tudy  and eva lua te  those  f a c t o r s  which w i l l  

improve our  understanding of t h e  imp l i ca t ions  of t h e  space program. 

Technology 
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FUNDS REQUIRED: 

(Thousands of Do l l a r s )  
1965 1966 1967 

1dent i f ica t . ion  ..................... $1,235 $1,220 $1,165 
Evaluat ion ......................... 645 680 650 
Dissemination ...................... 1,970 2,000 2,085 
Analysis  ........................... 900 850 900 

T o t a l  ............................ $4,750 $4,750 $4,800 

WHY FUNDS REQUIRED: 

I d e n t i f i c a t i o n  

The I d e n t i f i c a t i o n  e f f o r t  i s  c a r r i e d  out by s p e c i a l  personnel  who search 

f o r  i d e a s ,  innovat ions ,  processes  and techniques which appear t o  have p o t e n t i a l  

f o r  non-aerospace a p p l i c a t i o n  and r e p o r t  them quickly t o  NASA Headquarters.  

I d e n t i f i c a t i o n  e f f o r t  a l s o  inc ludes  t h e  i d e n t i f i c a t i o n  of incremental  advances 

The 

i n  technology. Research i n s t i t u t e s ,  u n i v e r s i t i e s  and p r i v a t e  companies i d e n t i f y  

these  incremental  advances i n  technology by reviewing broad a r e a s  of space re- 

search  and developing s t a t e -o f - the -a r t  summaries c a l l e d  Technology Surveys, 

Th i s  program w i l l  be continued a t  about t h e  same level during FY 1966 and FY 1967. 

Evalua t ion  

The t echn ica l  information repor ted  t o  Headquarters i s  forwarded t o  a group 

of Research I n s t i t u t e s  and evaluated f o r  novel ty ,  t echn ica l  f e a s i b i l i t y  and 

relevance t o  non-aerospace indus t ry .  The product of t h i s  eva lua t ion  i s  a flow 

of new items, processes  and techniques having non-aerospace p o t e n t i a l .  These 
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products are then made the subject of one of several publications: 

Briefs, Technology Utilization Notes, or Technology Utilization Handbooks. 

Although the current emphasis on new technology reporting is expected to 

increase the rate of documents coming into the system, the funding requested 

for FY 1967 will permit continuation of this evaluation effort at about the 

same level as for FY 1966 and FY 1965. 

Dissemination 

Tech 

Dissemination activities are focused on exploiting the normal channels 

of communication that are in existence or which can be developed. 

techniques of dissemination are employed. The first is by mailing lists con- 

sisting of over 8,000 industrial companies and individuals who receive in- 

formation in some cases on all Technology Utilization publications, and in 

others only those in their technical areas of interest. The second form of 

dissemination is through experimental regional dissemination centers. 

Year 1967 funds will be used to support current programs at these Centers 

with appropriate modifications and improvements; and also provide support for 

several pilot projects with other agencies. 

dissemination centers are planned. 

Analv si s 

Two general 

Fiscal 

In addition, two new experimental 

In recognition of the much broader impact of NASA programs than simply 

that of a major one in advancing science and technology, support is given to 

a study program to analyze the impact of the space program on the regional 
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and l o c a l  economy, and on i n d u s t r i e s ,  p r i v a t e  i n s t i t u t i o n s  and d i f f e r e n t  

t ypes  of manpower. The p r i n c i p a l  aim here  i s  t o  have r e sea rche r s  a s s i s t  

i n  c h a r a c t e r i z i n g  NASA's impact a s  it has  a f f e c t e d  t h e i r  r eg ions  and t o  

develop ana lyses  which lead  t o  cons ide ra t ion  of improved p o l i c i e s  w i t h i n  

t h e  c o n s t r a i n t s  of e x i s t i n g  l e g i s l a t i o n .  

A r ecogn i t ion  of t h e  need t o  so lve  c r i t i c a l  management problems and 

poss ib ly  t o  develop wholly new techniques f o r  managing such a l a rge  and 

complex Research and Development e n t e r p r i s e  a s  t h e  NASA l e d  t o  the  support  

of s tudy areas t h a t  inc lude  t h e  organiza t ion  and management of l a r g e  R&D 

p r o j e c t s ,  t h e  d i v e r s i f i e d  r o l e s  of t h e  r e sea rch  d i r e c t o r ,  t h e  government- 

i ndus t ry  con t r ac t ing  system, condi t ions  under which t h e  t r a n s f e r  of new 

technology t akes  p l ace  i n  t h e  economy, and top  level po l i cy  and dec is ion-  

making i n  l a rge  R&D o rgan iza t ions .  During FY 1967 NASA w i l l  cont inue t o  

support  a modest program of research  on such management a r e a s .  

- a8 - 



L 

L 

TL 521.3 .B8 N86 1967  

NASA budget a n a l y s i s  FY .. 

NASA Headquarters library 
300 E St. SW Rm. 1120 
Washington, DC 20546 



c 

I 
- A  

1 

I 
! 

- .  

I 


